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Steel Melting Symposium—! 
Converter Method of Steel Making 


By F. B. Sxeates,* Cuicaco, Iu. 


Abstract 

Converter steel making is discussed in general. The 
equipment, cupola practice, converter practice and process 
control as used in this method of making steel is discussed 
in detail. Data are included on the average approximate 
cost per ton of metal produced exclusive of labor cost and 
also including labor cost. The chemical content and physi- 
cal properties of a number of different steels as made by 
this process are given. 


INTRODUCTION 


1. About 30 years ago, the Chicago plant of the Link-Belt 
Company was purchasing about 40 tons of steel castings per month. 
At that time, there were not the number of efficient steel foundries 
that there are today. So the question of delivery played a large 
part in the decision of the management to make our own steel cast- 
ings. Thirty years ago, the open hearth and converter methods 
of making steel were the most prominent but we did not require 
the tonnage for an open hearth. Accordingly, a 2-ton side blown 
converter was installed. 

Bessemer Converter 

2. The real Bessemer converter is a bottom blown vessel 
with a series of small holes, using an air pressure of 15 or 20 lb. 
per sq. in. This pressure is necessary to prevent the molten metal 


from backing up through the tuyeres in the bottom, and into the 
air chamber. 


Side-Blown Converter 


3. The side-blown converter has a series of holes on one side, 


which permits the air to strike the molten metal at an angle. Air 
pressure used is 1.5 to 5 lb. per sq. in. These converters generally 
were built in sizes from 1 to 5 ton capacity, and were very useful 
units in a foundry making light to medium sized castings. 


* Foundry Superintendent, Link-Belt Co. 


Nore: This paper was presented at the steel session during the 48rd Annual Amer- 
ican Foundrymen’s Association Convention held in Cincinnati, O0., May 15-18. 
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Ore SYMPOSIUM ON STEEL MELTING PRracticy 


Past CONDITIONS 


| Side-blown converters were used extensively up to the 


time of the World War, when the electric furnace became the pop. 


ular unit f light to medium castings. There is no doubt that th, 
converter’s loss in popularity was due to the higher cost of meta 
to be melted and the high suiphur content of the metal produced 


In those days, the bane of the converter operator’s life was 


juggling of his cupola charges. He always had gates, heads an 
scrap castings to remelt and the problem of keeping his metal ¢os 
as low as possible. 


0. Each remelt of returns meant more sulphur pickup, whi 
was reflected in the castings produced. The scrap burden ther 
melted in the cupola, generally ran from 25 to 45 per cent. With 
high sulphur percentages, the lower figure was used and vice versa 

LATER DEVELOPMENTS 

6. This condition now has changed. Shortly after the Work 
War, considerable experimenting on the desulphurization of irons 
n Germany. About 1920, a product was put on th 


took place 
market in this country for that purpose. It was sold under a trad 
name. Later, another desulphurizing product was introduced 
Both products gave very good results and gave the converter an 
opportunity to come back into the light and medium casting com 
petition by being able to carry a scrap burden of 80 or 90 per cent 
or more and hold the sulphur content in the steel to 0.035 or less 


EQUIPMENT SETUP 


7. In 


making steel consists of two 2-ton converters: one blower drive! 


ur own plant, the present setup of equipment fo1 


with 100 h. p. motor, to furnish air for the converter; two cupolas, 
one a No. 5 and the other a No. 7, with their respective blowers 


and motors. 


8. Each cupola is equipped with an exhaust hood, which 
hangs on a swivel joint and can be swung in place over the receiv- 
ing ladle at the cupola and swung out for the removal of the ladle 
by the crane. The object of the hood is to carry off the fumes 
during the desulphurizing period. The hoods are connected to an 
exhaust fan and stack to the outside of the building. 


9. Ladle equipment consists of a receiving ladle, to transfer 
metal from cupola to converter; recarburizing ladle; one teapot 


ladle; two 2-ton ladles for pouring over the lip; one 8-ton bottom 
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nour ladle, and the usual number of shank or ball ladles for pour- 
¢ small work. The heating and drying equipment for ladles 


nd converters is gas fired. 


MELTING PRACTICE 
Cupola Practice 
10. Cupola charges contain 2300 lb. of metal, two charges 
to a blow, with a coke ratio of approximately one to six, plus 100 
vp. of limestone to each charge. A typical charge is made up as 
shown in Table 1. 


11. Tuyeres are set at a height in the cupola that enables the 
melter to fill the receiving ladle with metal for the blow in two 
taps. Fifty pounds of flake caustic soda and ten lb. of lime are used 
as desulphurizing agents for each blow. 


Tapping 


12. When the melter is ready to tap, the ladle man swings 
the hood over the receiving ladle and deposits the desulphurizing 
agent at the bottom of the ladle. The metal then is tapped into 
ladle. The result is a very violent reaction of the metal in the 
ladle and heavy fumes, which are taken off by the hood. After 
the second tap is made, the metal again reacts. When the metal 
has come to rest, the hood is swung away, the ladle removed by 
erane, and the metal skimmed. It now is ready to be placed in the 
converter. 


13. Samples taken from 12 recent heats of iron before 
desulphurizing, contained a sulphur content of 0.083 per cent. 
After treatment, this was reduced to 0.028 per cent. 


CONVERTER PRACTICE 


14. Following desulphurization, the metal is placed in the 
converter, which is in the charging position. After the helper pours 
the metal into the vessel, he takes his station at the back of the 


Table 1 


300 lb. Low Phosphorus Pig Iron 
1000 lb. Return Scrap 

900 lb. Foreign Scrap (Purchased) 
100 Ib. 50 per cent Ferrosilicon 
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converter and watches through the tuyeres, as the operator rotates 
the converter back until the metal comes even with the bottom of 
the tuyeres. The helper then closes the wind box, the operator 
makes note of the angle as indicated by the pointer on the quad. 
rant, and rotates the converter a few degrees forward to prevent 
the metal from surging back into the tuyeres, as he turns the blast 
onto a pressure of 4 to 5 lb. per sq. in. The operator then rotates 
the vessel back to the noted position, records the time in his log 


and the blow is now on. 


Action of Charge During Blow 

15. A normal blow should act about as follows: As the air 
strikes the bath of metal, a volume of light yellow, scintillating 
sparks with a light flame and smoke going straight up the stack 
will come from the mouth of the converter. In 3 to 5 min. a red- 
dish brown flame will appear at the mouth of the vessel directly 
over the tuyeres, and spread until the complete area of the mouth 
is a flame. This marks the ignition period, or the point at which 
the bath begins to burn, which the operator notes, and reduces 
the air pressure to around 3 lb. per sq. in. 


16. In about 3 min., this flame has attained its full height 
and then eases off. About 6 min. after ignition, the flame again 
ascends as the metal starts to boil. When that takes place, the 
air pressure should be reduced to 1.5 or 2 lb. per sq. in. pressure, 
to keep the converter from slopping. 


17. By this time, the bulk of the manganese and silicon has 
burned out. About 12 min. after ignition, the last carbon flame 
will be up and ean be defined clearly by its yellowish white color 
and feathering action. As the carbon becomes exhausted, looking 
at the flame through blue glasses, it becomes streaked and dimin- 
ishes in length until it drops. About this time, a tinge of brown 
smoke will appear at the mouth of the converter. It is good prac- 
tice to turn the converter down before the smoke appears as it is 
the signal of burning iron. 


18. The bath of metal now contains approximately 0.01 per 
cent manganese, 0.03 per cent silicon, 0.06 per cent carbon, and is 
ready to be deoxidized and recarburized. 


Deoxidation and Recarburization 
19. At this point, a computed amount of 80 per cent ferro- 
manganese is added to the bath. This addition is made by dipping 
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the lumps of manganese in water and throwing them with force 
through the mouth of the converter, relying on the wet manganese 
to explode the covering of the slag and allow it to penetrate into 
the metal. This operation is performed by the helper, standing 
n the pulpit at the side of the converter in a position that leaves 
m clear of flying metal. The amount of manganese added is 
based on the desired amount wanted in the finished steel, plus the 
mount used for deoxidizing the bath. 


20. The next addition is the recarburizing metal which is 
taken directly from the cupola. This adds manganese, silicon and 
rbon. The amount of recarburizing metal added, is regulated by 

» carbon content desired. 


Finishing 

21. The converter then is turned down to about the pouring 
position and rabbled with a bar. This is done to work any of the 
manganese that may have been trapped in the slag into the bath 
of metal. The ladle now is placed in position to receive the metal, 
and the final additions of 50 per cent ferrosilicon and a small 
amount of aluminum are added to the ladle. The metal is poured 
into the ladle and is ready for casting purposes. 


TyYPEs OF STEEL MADE 


22. On the general run of our work the steel will run as 
shown in Table 2. 


23. Alloy steels, up to certain limits, are handled easily. The 
method employed for the making of nickel steel is to use the ‘‘F’’ 
shot nickel and pour it into the stream of metal in the cupola 
spout when filling the receiving ladle and pass it through the 
converter. The other alloys, such as chromium, molybdenum, 
vanadium and copper, are introduced by ladle addition. 


CONTROL OF PROCESS 


24. It might be well to mention a few essentials in regard 
to control. It is essential to secure hot iron from cupola. The 
cupola metal should be as uniform a silicon content as possible. 
In the plant with which the author is associated, a range from 
1.75 to 3.10 per cent is preferred as the bulk of the heat is derived 
from silicon. When silicon is too low, cold steel results. When 
t is too high, there is a greater converting loss. 
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Table 2 
LE UE icwics nie woe WS w Kinin oo aA eres 0.30 
SE ee eee ee 0.70 
UE TI parc g'los un 5S a cabs msi Keio ave ko ane 0.30 
NE under 0.04 
PRORDNOPUE,. DOP GUNG osccisicsindscsaseer under 0.04 





25. Manganese in metal from the cupola should not be too 
high. In the plant practice described, the average is about 0.50 
per cent. It has been found that too high a manganese content 


gives wet, sloppy blows and greater corrosion of lining. 


26 [It is important that the converter be held to size. Tuyeres 
should be at the proper height from bottom. 


27. Another important point is that the receiving ladle at 
eupola and recarburizing ladle should be held to size by using a 





form for lining, or by weighing the metal going into the converter. 


28. <All additions should be weighed accurately. If these 
essentials are conformed to, the converter operator should have 
no difficulty in meeting any reasonable chemical or physica! 
specification required, along with proper heat treatment of castings. 





CHEMICAL AND MECHANICAL PROPERTIES OF CONVERTER STEEL 





29. The following chemical results were obtained from an 
average of ten heats made in the author’s plant: Analysis of metal 
at cupola before passing through the converter; silicon, 2.02 per 
cent ; manganese, 0.50 per cent; carbon, 3.00 per cent; phosphorus, 
0.031 per cent; sulphur, 0.035 per cent. Analysis of metal after 
oxidation: Manganese, 0.01 per cent; silicon, 0.03 per cent; carbon, 
0.06 per cent. To this metal, 60 lb. of 80 per cent ferromanganese 
was added for deoxidization and to get the desired manganese 
content. A pickup also is obtained from the recarburizing metal. 
One and one-half pounds of aluminum and 16 lb. of 50 per cent 
ferrosilicon were added to the blow. The average chemical com- 
position of this metal is shown in Table 3. 


Table 3 
NS A I do os wis a Saw ale ie en 0.30-0.35 
ee en 0.30-0.35 
tn aignn aa nani ce spedehis were hws 0.03 
ee 0.75-0.85 


PE EE ois da tnewsawceewer 0.04 
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Table 4 
Tensile Strength, lb. per sq. in. .............. 80,000 
Vad fee, oh ee GE: GE. Se kesc ccc cccausucs 45,000 
Elongation, in 2-in., per cent ................ 30 
Reduction of Area, per cent ................ 42 


30. The physical test results shown in Table 4 were obtained 
on an average of ten heats containing 0.30 per cent carbon and 
0.80 per cent manganese, straight annealed at 1750°F. By drawing 
these same test bars at 1100°F., improvement in all properties can 
be obtained. 


Table 5 


CHEMICAL CONTENT 


I AON I aga eine (bio, pbb te 5 (wa nleg hum ae orhed Sh 0.27 
Pe, NE tn, cw saa seavaeiahsoueat 0.76 
I NE occlude 5.45 -are Rane 0.35 
IN Nr ds arane-k «x oi piaeleie awe 0.04 
I I ci Oia eae mene <cucatneue eee 0.029 


PHYSICAL PROPERTIES 


Tensile Strength, lb. per sq. in. .............. 76,000 
Teen POU, Th. OE OE. TB, one odie isccceccsene 45,750 





Elongation in 2-in., per COME «.......sccecces 32 
Reduction of Area, per cent ................. 51.4 
METAL Cost 

Costs on metal to the cupola 

per ton including all materials.............. $34.03 
All labor, cupola and converter .............. 29.27 
TORR —~ CONE COMBIOUD 6.oineic 660 dics cdwwcceme $63.30 


31. Tests recently were run on a job which had gone through 
the shop. The test bars were normalized at 1750°F. and drawn at 
1100°F. Chemical content were as shown in Table 5. 


(For discussion, see p. 341.) 
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Induction Furnace Practice in the Steel Foundry 


By GeorceE F. LANpGRAF,* LEBANON, PA. 








; Abstract 

Induction furnace steel making is discussed in gen- 
eral, A 1000 lb. furnace is taken as an example and fol- 
lowed through in regard to charge, losses, chemical con- 
tent and melting. Data are included on the average cost 


os 









; per ton of metal produced exclusive of labor cost. 

: 

$ INTRODUCTION 

: 1. The utter simplicity of the application of the inductio. 
} furnace to the steel foundry is likely to make its explanation rather 
} uninteresting. However, since no comprehensive discussion of foun 


dry melting practice would be complete without some mention of 






this most recent member of the family, its explanation is here 






presented in the hope that some interest may be aroused at least 






among those who are not using the high frequency furnace in 





routine production. 






TypicAL FURNACE 
2. In order to prevent a degression into generalities, let us 
assume a specific typical unit to be one of 1000-lb. capacity. For a 







furnace of this size we may have a 300 K.V.A. power unit, which 






will supply 800 volts at 960 cycles to the inductor. The inside 





dimensions of the melting crucible would be about 14 in. in diameter 






by 26 in. deep. 






Lining 








3. For a furnace to be used in producing a wide variety o! 
high and low alloys, we have found the practically neutral lining, 
A1.0, to be the most advantageous. In this case we do not use 4 
preformed crucible, but simply ram up the walls between a plate 
steel cylinder and the copper coils of the inductor, capping the 
















top and forming a pouring lip with the addition of a high re- 
fractory cement. With the crucible so formed, we simply melt the 
plate steel internal form as a part of the first charge, and in the 
process get sufficient surface fusion of the lining material to hold 















the walls in place. 









* Lebanon Steel Foundry. 
Note: This paper was presented at the steel session during the 43rd Annual Ame! 
ican Foundrymen’s Association Convention held in Cincinnati, O., May 15-18. 
















264 








[INDUCTION — G. F. LANDGRAF 265 


4. We now have a typical furnace ready to melt practically 
any alloy of steel which can be cast, and in so simple a manner as 
regards actual operation that the whole process bears a close analogy 
to the compounding of a medicinal prescription. In other words, 
the total amount of any element present in the final product is 
essentially equal to the sum of the quantities of that element intro- 
duced in the various ingredients of the charge. The only chemical 
reaction of any consequence which takes place during a melt is the 
reduction of iron oxide by silicon, and manganese, and in a lesser 
degree by carbon. The oxide is introduced by rusty scrap or remelt 
heads and gates which have been burned off their respective cast- 
ings. This reaction is therefore definitely limited and the losses of 
silicon, manganese and carbon can be rather accurately estimated 
by the condition of the original charge. Under normal operating 
conditions, where a good portion of the charge is remelt heads and 
gates and steel scrap which has been exposed to the weather, we 
may expect a loss of not over 0.03 per cent carbon, and from 0.10 
to 0.15 per cent each of silicon and manganese, depending upon the 
degree of oxidation of the charge. 


5. Any reactions due to the inherent properties of the fur- 
nace are negligible, and therefore the main cause of variables in 
analysis is eliminated. Obviously the aluminum oxide of the lining 
would enter into only a negligible if any, chemical reaction with 
the bath. In combination with this fact is the rather limited oppor- 
tunity for the bath, when molten, to contact the atmosphere, since 
the surface of the bath is very small with respect to its depth in 
comparison with the are or open hearth furnace, and even this 
small surface may be effectively protected from oxidation by a 
thin layer of lime. 


Metal Temperature 


6. Also there are no zones of extremely high temperature to 
volatilize or encourage excessive chemical reaction in the more 
illusive elements, such as manganese, silicon, titanium, ete., which 
would be found directly under the electrodes in an are furnace, 
or on the surface of the bath in an open hearth. The heat introduced 
to the charge by electrical induction is generated within the charge 
itself, and is not obliged to enter the metal by simple conduction 
through any restricted area which would obviously be at a much 
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higher temperature than the rest of the metal to which the heat 


was flowing. 


7. Since there is only a very slight temperature difference 
between any parts of the melt, hydrothermal circulation such as 
occurs in the are furnace would be of no significance. Instead, the 
electromagnetic field induced through the crucible and roughly 
parallel to its axis creates a continuous flow of molten metal within 
the crucible, coming up in the center and down around the walls. 
The strength of this flow or turbulence is controllable by power 
input as well as the location of the effective inductor vertically 
with respect to the charge. 


8. Hence we have in the induction furnace a controlled stir. 
ring action which is sufficient to prevent segregation of alloys whose 
specific gravities differ widely. For instance, even 12 per cent of 
aluminum may be kept uniformly dispersed in steel. This mixing 









: phenomena obviously facilitates the addition of all alloys, per- 
mitting minimum loss by oxidation at the surface and reducing to 
special cases the necessity of plunging the alloy addition below 





the surface of the melt. 








) 9. Since we have shown that there are only limited losses of 
) such deoxidizing elements as carbon, silicon, manganese and ti- 
tanium, it becomes rather apparent that care must be exercised in 
the selection of scrap. For instance, if it were necessary to produce 







a heat to a 0.10 carbon maximum specification, the carbon content 
of the aggregate charge would have to be less than 0.10 per cent 





in order to be safe. Such elements as chromium and nickel will re- 
main constant in the melt within the limits of accuracy of ealeula- 
tion and analysis. 





<a ei 





TyYPIcAL HEAT 








10. In the interest of clarity, let us follow an actual heat 
from the scrap bins to the molds. As an example, we will use the 
commonly produced 4 to 6 per cent chromium steel to the following 
chemical specifications as illustrated in Table 1. 





Table 1 


INE RS MI os, ss 0a oon acco ea iat nia rea 0.20 — 0.30 


a eowee—~ ead aloe i lt Mea titre cae tarts a a 2 













UE IIE ME yg, cu cn a aoa umiane a aoa woke mies 0.30 — 0.45 
| Ee Poe rere ree ee 0.65 — 0.85 
' SN I I ot oan ween eaneada 5.00 — 6.00 






PRUTP NEE, DOF GONE oo ccc dcessisdcdcececes 0.40 — 0.50 
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11. The charge sheet for such a heat would be typically as 


shown in Table 2. 


Table 2 
Cc Si Mn Cr Mo 

Percent Percent Percent Percent Percent 
Returns (Heads & Gates) 650.0 Ib. 0.20-0.30 0.30-0.45 0.65-0.85 5.0-6.0 0.40-0.50 
Chain Scrap 360.0 Ib. 0.08 0.10 0.40 0.0 0.0 
Ferro Chrome.. 86.0 Ib. 0.70 0.70 0.00 70.0 0.0 
Ferro Moly...... 3.5 Ib. 0.10 0.75 0.00 0.0 60.0 
Ferro Manganese 5.0 Ib. 6.00 0.75 80.00 0.0 0.0 
Ferro Silicon.. 3.0 Ib. 0.06 50.00 0.30 0.0 0.0 
Calcium Silicon Sasi 1.5 lb. 0.00 60.00 0.00 0.9 0.0 
Total Charge..... ‘ 1059.0 Ib. 
Theoretical Analysis 0.20-0.26 0.58-0.62 0.91-1.03 5.4-6.0 0.44-0.50 
Actual Analysis 0.25 0.41 0.80 5.70 0.47 


12. Thus it is apparent that with the exception of silicon and 
manganese, the actual analysis falls within the computed range of 
possibility and by using an estimated loss of 0.15 per cent for sili- 
con and manganese, these elements too behave nicely as predicted. 


Melting 

13. The bulk of the charge, returns and chain, may be loaded 
in the furnace at the beginning of the melt. The other elements are 
added just as soon as the bath is melted. The total melting time 
from cold charge to finished heat requires approximately 50 min., 
and since most of these heats are tapped into small shank ladles 
directly from the furnace, another 20 to 30 min. elapse before re- 
charging the next heat. 


14. During the time of pouring, the power to the furnace is 
controlled to hold the metal at the desired temperature, and to 
provide a continuous stirring action which precludes the possi- 
bility of any segregation in the bath. Occasionally, due to a wide 
variety of types of castings being poured in the same heat, it is 
expedient to vary the temperature of the metal while tapping. This 
may be done at will in the induction furnace, with a temperature 
control as accurate as the pyrometer used to guide the melter. 


15. The actual melting of the charge given above required a 
total of 440 K.W. hr., including the power consumed in holding 
the heat while tapping, or a power consumption of 830 K.W. hr. 
per ton. This figure is not readily comparable with the usual are 
furnace, since generally speaking the larger the furnace, the less 
power per ton is required. However, in furnaces of the same size, 
assuming careful attention is given to balancing out the power 
factor, it is believed that induction melting may be done just as 
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5 efficiently as are. In fact, according to several authors, an actual! 
‘ advantage in favor of the high frequency furnace has been demon. 
strated. 
5 
: FURNACE PERFORMANCE 
16. Although not directly comparable, a somewhat more defi. 
nite idea of the relative performance of are and high frequency 
furnaces with regard to maintenance and power consumption may 
‘ be established by a consideration of the figures in Table 3. 
4 
: Table 3 
- 
i Acid Arc Furnace High Frequency Furnac: 
i i} (3-Ton Capacity ) (1/2 Ton Capacity ) 
a - 5 eer eee $6.60 per Ton $ 8.92 per Ton 
q ; Electrodes ...... 1.11 per Ton None 
ae us! Repair materials and 
ae maintenance .. .64 per Ton 1.22 per Ton 
ERT P 


















hth oe $8.35 per Ton 


These figures are long-time averages. 


$10.14 per Ton 


Costs 



















17. Comparing the actual power cost per ton of the two fur- 
naces, there seems to be quite a large advantage in favor of the arc. 
However, let us remember that after a heat is finished off in the 
are furnace, it is immediately tapped into a large ladle and the 
furnace is free to be recharged. In contrast to this procedure, the 
above cost figures for the high frequency furnace include the power 
used in maintaining and controlling temperature throughout the 
pouring period, as previously mentioned. A close estimate for the 
average power so used would be 10 per cent of the total. After 
deducting this amount from the total shown above, we have a power 
cost per ton melted on a one-half ton unit which is only 22 per cent 
higher than the power cost on a three-ton unit. 





18. If the electrode cost of the are furnace is combined with 
repair materials under the general heading of maintenance, the 
high frequency unit displays a definite advantage despite its small 
size; and it may be safely assumed that a three-ton high-frequency 
furnace would show a decrease in maintenance cost over that shown 
above. 











Repairs 
19. Aside from incidental repairs, the only item of mainte- 
nance on a high frequency furnace is lining. The type of alloy and 
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the temperature of the bath obviously affect the lining life, but in 
a furnace used in the manufacture of such a variety of alloys as 
high chrome-nickel, nickel-aluminum magnet steels, straight chrome 
stainless and a host of combinations of lower alloys, a reasonable 
expectancy is from 150 to 250 heats per lining. In addition to a 
complete new lining, it is often found expedient and_ practical to 
pateh a slightly damaged lining with a mixture of Al,O3 and a 
high refractory cement. This patching may be done quickly and 
effectively just as soon as the furnace has cooled sufficiently for a 
man to work on it. Once the patch has been applied to a warm 
furnace, it is only a matter of minutes until the unit is ready to 
resume operation. 


20. If continuous performance is desired, it is well to have 
at least two furnaces interchangeably connected to the power sup- 
ply, so that repairs may be made to either one without interrupt- 
ing operation. In addition to the opportunity for repairing or 
relining without interrupting operations, the dual furnace arrange- 
ment offers a careful melter a better opportunity to choose the 
sequence of heats in any given crucible, so as to prevent undesirable 
contamination of a melt from alloys carried over from the preced- 
ing heat. For instance, if the pouring schedule on the molding floor 
called for a low carbon 18-8 heat immediately following a high 
carbon heat of cutlery type straight chrome stainless, the melter 
could follow the schedule without tediously scraping the crucible, 
by simply using one furnace for the high carbon and the other for 
the low, washing out the high carbon crucible with the first heat 
on the schedule following whose carbon specifications were not so 
exacting. 


CONCLUSIONS 


21. The main advantages of the induction furnace in the 
foundry are — (1) flexibility as to the types of alloys which can 
be produced in successive order; (2) low melting losses; (3) ac- 
curacy of analysis control; (4) ease of temperature control; and 
5) due to combination of all of the above, a high degree of uni- 
formity of the product. 


22. It would be foolish to contend that the induction furnace 
can produce in any given analysis a steel superior to the best which 
is produced in an are furnace. However, it has been our experience 
as operators of both types of melting units, that the induction 
steel is of more uniform high quality. This is probably due to the 
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simplicity of induction furnace practice with a minimum of relj- 


ance upon the human element. 


23. <A direct comparison of a sufficient number of heats from 
both types of equipment to serve as a quantitative index would be 
impossible here, because in general our are furnaces are devoted t 
the lower alloys and carbon steels, while our induction equipment 


is devoted almost exclusively to the high alloys. 


Fo) (LISCUSSION, See n. 34 > ) 
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Steel Melting Symposium—Ill 
Steel Foundry Acid Open Hearth Practice 


By W. C. Harris*, Brrpsporo, PA. 


Abstract 
The methods used in operating the open hearth fur- 
nace by acid practice are outlined. Developments, furnace 
construction, melting practice, fuel consumption and a 
typical heat log are discussed. Data on charge analysis 
and specifications are also included. 


EARLIER DEVELOPMENT 


1. In the year of 1856, Dr. C. W. Siemens and his brother, 
Frederick, obtained patents on a regenerative furnace. In this con- 
nection it might be interesting to note that Siemens first developed 
and employed this prineiple in the construction of steam engines. 
But, while several of these engines were built and put into use, 
they were finally abandoned because of the severe wear on the heat- 
ing chambers caused by the high temperature attainable. It was 
shown, however, that a great saving of fuel and a very high tem- 
perature could be obtained by the use of this principle, and at the 
suggestion of his brother, Frederick, Siemens turned his attention 
to the application of the principle for producing high temperature 


n furnaces. 


2. Many difficulties were first encountered, but after 


years or more of experimenting, Siemens fell upon the idea of 
gasifying the fuel prior to burning it in the furnace; using this 
idea most of his difficulties were overcome. The first furnace 
using gaseous fuel, patented in 1861, was used for the making of 
glass. Here, the great advantage of the furnace in economy and 
regularity of working was fully proven, and it was not long until 
it was adopted in other industries. Some of the early uses for the 
furnace were for zine distillation, for puddling, for reheating iron 
and steel, and for melting crucible steel. Siemens next turned his 
attention to the manufacturing of steel in his furnaces, and though 
many trials were made at different works, he met with only in- 
different success. Finally, he found it necessary to erect a steel 
works of his own in which success of the process could be demon- 
strated. These works were located at Birmingham, England, and 


* Metallurgist, Birdsboro Steel Foundry and Machine Company. 


Note: This paper was presented at the steel session during the 43rd Annual Amer 


ican Foundrymen’s Association Convention held in Cincinnati, O., May 15-18. 


271 





os 








nate peEEe eK ae ~~ 





eee re eee a eee 





272 SYMPOSIUM ON STEEL MELTING PRACTICE 


were employed in the remelting process by which steels of the best 
quality were obtained from such scrap as old iron rails, plates, ete. 
In the meantime, Siemens was busy developing the idea of decar. 
bonizing pig-iron for making steel by means of ore and by 1868 
he had proven that this process could be employed successfully. 


3. Briefly, the method of Siemens was as follows: He used 
a rectangular covered furnace to contain the charge of pig-iron, 
or pig-iron and scrap, and provided most of the heat for the 
chemical reactions by passing burning gas over the top of the 
charge. The gas, with an excess of air was introduced through 
ports at each end of the furnace, alternately at one end and then 
the other. The gaseous products of combustion passed out of the 
ports, temporarily not used for the entrances of the gas, into cham- 
bers partly filled with checker bricks, which absorbed some of the 
sensible heat, and from these chambers out into the stack. At 
twenty minute intervals the gas and air was shut off at the one end 
and introduced through the heated chambers at the opposite end, 
absorbing some of the heat stored in the bricks. These gases then 
entered the furnace with a high sensible heat and gave a higher 
temperature in combustion than could be obtained without pre- 
heating. The elements in the iron attacked by the oxygen in the 
air and of the iron ore, were carbon, silicon and manganese, all 
three of which are reduced to a very low limit. 


4. The hearth of the Siemens’ furnace was of acid brick con- 
struction, and the bottom was made up of silica sand — essentially 
as in the acid process of today. 


FURNACE CONSTRUCTION 
5. No attempt to explain or discuss open hearth design will 
be made, as this alone would constitute a paper of great length. An 
acid open-hearth furnace is an open-hearth furnace, with the walls 
and roof built of a high grade silica brick. 


Bottom 

6. The bottom is made of silica sand, ranging from 94 to 97 
per cent pure silica. The sand used at Birdsboro at present is 
about 97 per cent pure silica, and has approximately the screen 
test shown in Table 1. 


7. The making of the bottom for the first heat requires time 
and skill. Bottoms not properly made will give short life and great 
difficulties during heats if not watched very closely. The furnace 
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is first dried with a wood fire, usually for a day, and no oil is used 
until the furnace is clear. Oil is then turned on and the burners 
are reversed about every half hour until the furnace is hot. 


8. Sand is then used to completely cover the bottom, and this 
is allowed to sinter or set before more is added. Only an inch or 
two is added at a time. This is continued until a depth of 14 to 18 
in. is reached. The bottom, of course, is sloped in all directions 
toward the tap-hole. A charge of slag is then charged and allowed 
to glaze the entire surface. This may be repeated several times 
until a satisfactory bottom is obtained. 


Tap Hole 

9. The tap-hole is made by inserting a wooden plug about 10 
in. in diameter into the proper position for the tapping hole, and 
then banked with yellow and dry silica sand. This makes a solid 
tap-hole when thoroughly dried, and the furnace is now ready for 
the first heat. The making of a bottom usually requires 6 or 7 days. 


10. The tap-hole is closed by ramming a mixture of buck- 
wheat coal and yellow molding sand into the tap hole. This mix- 
ture is backed up on both the outside and inside with a yellow 
molding sand. The buckwheat coal makes it easy to open the tap- 
hole and very seldom is time lost in tapping a heat. 


MELTING PRACTICE 


11. The following practice briefly described is the one used 
at present at our plant. Others may be found just as suitable or 
more so at various other plants, but we at Birdsboro have found 
this method the most satisfactory for our own needs. Of course, 


Table 1 


ScrREEN ANALYsIsS OF Srtica SAND USED FOR 
Acw OpEN HEARTH Bortom 


Mesh Per Cent 
20 11.0 
80 17.9 
50 26.9 
65 13.9 
80 7.8 

100 11.6 

Pan 10.9 


——_— 


Total 100.0 


ek 


a 


otk hatte Se iuenaninammnminmecetiiied 


ee ST ae 


pemener oe 





; 
: 
- 














274 SYMPOSIUM ON STEEL MELTING PRACTICE 


the human element contributes a great deal in making any practice 


a success. 


Plain Carbon Heats 


12. The charge for plain carbon heats of the following spe- 


cifications is made up to the theoretical charge given in Table 2. 


Table 2 


CHARGE FOR PLAIN CARBON HEAT 


Ss P 
Carbon Mn Si Maz. Max. 
Specifications ..... 0.24to0.28 0.70to0 0.80 0.385to0.40 0.040 0.040 
Charge Analysis ... 0.70 to00.75 0.75 to0.80 0.55 to00.60 0.035 0.035 


13. By keeping the initial carbon around the above figures 
with uniform practice the heats will melt about the same. There 
will be sufficient carbon to give the bath the action needed and 


“- Beth allow time to attain the proper temperature, and at the same time 
- . ’ 
1} the heat is not delayed due to working the carbon down to the 
- 
aah desired point. A representative charge for this class of heat is 
nw as illustrated in Table 3. 
a 
PE x a7) Charging 
\ 


14. Although the practice varies at different plants, it is the 
practice at Birdsboro to charge the pig-iron first. The pig-iron 
when charged first and spread evenly over the bottom serves a 
double purpose: First, the pig-iron attacks the bottom to a lesser 
degree than the heavier scrap, and secondly, the pig-iron having 
a lower melting point than the rest of the scrap melts first forming 
a pool of metal, covered by a slag high in manganese oxide and 
silicon dioxide, 


Table 3 


REPRESENTATIVE CHARGE FOR PLAIN CARBON HEAT 


Approximate 
Material Per Cent 
Pig-iron 10 
Foreign Scrap 40 
Own Scrap 50 


15. Heads and gates are charged after the pig-iron, followed 
with foreign scrap, such as wheels, couplers, ete. After this charge 
is melted the second charge, generally containing heads, gates, 





and couplers, is added and this completes the charging. Usually 
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or 


te 


» hr. are required to melt the first charge, but this is dependent 
a large degree on the size of the heat. 


Sulphur and Phosphorus 


16. Only a trace of the phosphorus and none of the sulphur 
s eliminated in the acid open hearth process. Indeed, the finished 
steel may contain a slightly higher percentage of both of these 
elements than the average charge. This increase is due to the fact 
that, while the weight of the sulphur and phosphorus remains 
practically constant, the weight of the metal may, owing to the 
losses through the oxidation of iron and the metalloids, be eon- 
siderably decreased. In addition, sulphur may be picked up by the 
bath, from the fuel. 


17. Consequently, great care must be exercised so that the 
average sulphur and phosphorus content of the charge is somewhat 
below that required of the finished steel. Scrap is therefore bought 
to specifications as well as the fuel. The oil used at our plant may 
not contain a sulphur content of more than one-half of one per 
cent, and in order to meet this specification a fuel oil having a 
Baume rating of 22 to 24 degrees is used. Due to the oil being very 
light it is not necessary to preheat our oil in either summer or 
winter. 


Burner Operation 

18. As soon as the furnace has been charged the oil and air 
which was partly turned off during charging is turned on full; 
and the flame reversed every 15 to 20 min. The oil has a pressure 
of 120 lb. to the sq. in. at the pumping station and the air carries 
a pressure of 80 lb. to the sq. in. The flame during the melting 
period is an oxidizing flame, what is commonly called a sharp 
flame. However, the flame should not be too sharp as this type of 
flame would favor excessive carbon losses. Usually the time re- 
quired to melt a 50,000 to 60,000 Ib. heat is between 4 to 5 hr. 
Finishing 

19. After the charge has completely melted, the metal should 
contain a higher carbon content than the desired. Some melters 
desire as high as 0.60 per cent to 1.00 per cent carbon above the 
required on the melt down. This, however, on a soft steel does not 
improve the steel and requires a longer period of time and addi- 
tional labor. At the end of the melting period practically all of 
the silicon and manganese has been oxidized and neutralized, 
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forming the slag. The slag at this stage is generally a practically 
neutral slag, containing 50 per cent acid and 50 per cent bases. 


20. The bases are principally iron and manganese oxides. 
while the acid is silica. The slag in this condition has little power 
to act either as an oxidizing or a reducing agent and is therefore 
quite stable. Moreover, the slag is self-adjusting — that is if the 
acid is increased, the slag will tend to decrease the elimination of 
silicon and carbon from the metal, and if the bases are increased, 
it will increase the elimination of these elements. But, if the bases 
are increased too much the slag will absorb silica from the banks. 


21. The problem is to reduce the carbon to the desired point 
for tapping as rapidly as possible and still reach the temperature 
required for tapping. The practice at Birdsboro is to catch the 
carbon on the way down. However, in a few plants it is the prac- 
tice to work the heat down until a carbon content of 0.10 to 0.12 
per cent is reached, then tap, and the carbon content brought back 
to the desired point through the addition of recarburizers. This point 
is selected for tapping because it is easier to read the fracture test 
and also the steel oxidizes very slowly under 0.10 per cent carbon. 
The composition of the metal is not likely to change much, not more 
than a point or so, if the heat was delayed getting tapped. 


22. Fracture tests are taken until the melter believes he is 
close to the desired carbon and then a test is taken for the chemical 
laboratory. If the carbon is high on the melt-down ore is added to 
speed up the elimination of this element. Upon obtaining the results 
from the laboratory, if the preliminary test is not satisfactory, the 
carbon being either high or low, ore or pig-iron is added. In our 
practice the carbon pick-up from the addition of ferrosilicon and 
ferromanganese is approximately 7 or 8 points. If the temperature 
is correct and the desired carbon obtained, the ferrosilicon is added 
in the furnace about 10 to 12 min. before tapping, and the ferro- 
manganese 2 to 4 min. before the tap-hole is opened. The percentage 
of the manganese recovered is controlled by the speed of the tap. 
The faster the tap the less the losses in the manganese content. 
The losses we obtain under normal conditions range between 35 
to 40 per cent of the amount added. 


23. The tapping temperature of the metal ranges from 2880 
to 2950°F., depending on the size and type of castings to be poured. 
The metal drops from 80 to 110°F. in temperature between tapping 
and pouring, so that the start of the pouring temperature ranges 
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from 2780 to 2840°F. All heats are checked with an optical 
pyrometer. 


Heat Loe 


24. <A log of a heat where it was not necessary to use ore in 


order 


to obtain the desired carbon is given as Table 4. 


Table 4 
Loc or Heat No. 6498 


Size of heat—55,000 lb. 


5:00 A.M.—Started charging. 

7:00 A.M.—Second charge added. 

9:00 A.M.—Melted. 

9:10 A.M.—First test. 

9:45 A.M.—Second test. 

10:15 A.M.—Third test. This test was used as a preliminary. 
10:17 A.LM.—Sand added to increase the slag. 

10:30 A.M.—Report from laboratory, Carbon O.K. 

10:40 A.M.—Ferro-silicon added. (425 lb. of 50 per cent FeSi.) 
10:45 A.M.—Fourth test. 

10:46 A.M.—Ferro-manganese added. (825 lb. of 80 per cent FeMn.) 
10:50 A.M.—Tap Hole Opened. 


10 


:52 A.M.—Finished tapping. 


METAL TESTS 














C Mn Si 8 P 
EE 0.09 0.072 0.0838 0.086 
» ER 0.302 0.09 0.060 0.085 0.036 
.. . ,- eae ... 0.220 0.09 0.048 0.036 0.086 (prel.) 
>. Ee ene 0.205 0.08 0.370 0.0389 0.0387 
DIET anucantliceniatniceciaticnaintatiite 0.294 0.75 0.370 0.089 0.089 
———_—_——_—————— Material Analysis . -—Proportionate Analysis——, 
Material Weight % Cc Mn_ Si Ss P C Mn _ Si 8 P 
Pig-Iron ........ 5,500 10.0 8.85 1.50 2.40 0.080 0.084 0.89 0.15 0.24 0.008 0.003 
ae 6,400 11.6 0.80 0.60 0.85 0.085 0.036 0.04 0.06 0.04 0.004 0.004 
i 9,500 17.8 0.85 0.65 0.86 0.085 0.086 0.15 0.11 0.06 0.006 0.006 
Couplers ........ 10,600 19.8 0.26 0.75 0.86 0.085 0.035 0.05 0.14 0.07 0.007 0.007 
re 11,000 20.0 0.26 0.75 0.386 0.086 0.035 0.05 0.15 0.07 0.007 0.007 
re 12,000 21.8 0.26 0.75 0.386 0.036 0.085 0.06 0.17 0.08 0.008 0.008 
Preliminary Analysis 
Analysis Charge 0.74 0.78 0.56 0.085 0.085 
0.24 to 0.70 to 0.35 to Max. Max. 
Specifications 0.29 0.80 0.40 0.040 0.040 





Ladle Analysis 0.29 0.75 0.870 0.089 0.086 


Additions: 
375 lb. — 50 per cent FeSi = 187 lb. Si 
187 lb. Si=0.840 per cent Si in heat 
0.832 per cent Si recovered 
825 lb. — 80 per cent FeMn = 660 Ib. Mn 
660 lb. Mn = 1.20 per cent in heat 
0.67 per cent recovered 
Mn lost = 42 per cent 
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k’‘UEL CONSUMPTION 


25 In conelusion, it might be interesting to give figures as 
to fuel consumption and furnace repairs. The fuel consumption 
ranges between 27 to 30 gallons per ton of metal. The life of the 
furnace depends somewhat on the size and type of the heats. The 
root usually runs for 800 to 1,000 heats before requiring attention. 
The side walls need repairs after 300 to 350 heats are made, and 
the checkers and the slag pockets are rood for 550 to 600 heats. 

26. As for costs of scrap, cost of metal and cost of pig-iron 
it is hard to generalize. Location, labor conditions and many other 
factors are involved which would make it very difficult to obtain 
any figures which would be of any value. 


(For discussion, séé p. 944.) 
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Steel Foundry Basic Open Hearth Practice 


By J. W. Porter,* East Cuicaco, Inp. 


Abstract 


The basic open hearth method of making steel is 
discussed. Furnace construction, charge, draft, fuel, slag 
and alloy additions are detailed. Data on a typical charge 
and analysis of both metal and slag are included. 


INTRODUCTION 

1. The open hearth furnace is particularly suited for quan- 
tity production of high quality steel for all types of castings. 

2. Foundry basic open hearth steel refining practices vary 
in accordance with the personal opinions of the particular metal- 
lurgical staff, with the size and modernism of the equipment in- 
volved and with the requirements governing the steel and product 
manufactured. 


> 


3. Obviously, there are features in connection with the opera- 
tions of particular types of furnace construction that must be 
considered and it is quite possible to produce a finished product 
of equal utility by variation of melting procedure. Major melting 
and refining factors of basic open hearth furnaces are common 
to all. 
IMPORTANCE OF OPERATING PERSONNEL 

4. Operating personnel is one of the most important factors 
in the production of satisfactory uniform metal. Regardless of all 
mechanical provisions made for the operation of the furnaces, the 
supervisor of the open hearth must be able to so outline and direct 
the routine to be followed and so instruct his melters in the atten- 
tion and interpretation they give to the changes taking place that 
the vital reactions are carried out as uniformly as possible from 
heat to heat. Even though versed in these fundamentals, the op- 
erator needs to be assisted by indicating and recording instruments 
in order to adhere to his standardized procedure. The ability of 
the furnace then to function depends upon the construction of the 
unit and its appurtenances. 


5. The details which are given in this paper pertain to cur- 
rent basic open hearth practices in use at the Granite City Works 


* Manager, Indiana Harbor Works, American Steel Foundries. 


_ Nore: This paper was presented at the steel session during the 43rd Annual Amer- 
ican Foundrymen’s Association Convention held in Cincinnati, O., May 15-18. 
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Fic, 3—Views or Open-HeartH Furnaces. Upper. FurNacES AND PLATFORM FROM TAPING 
Swe. Center. FURNACES AND PLATFORM FROM CHARGING Sipe, Lower. CHARGING SIDE OF 
FuRNACE SHOWING STEEL SHEATHING AND WatTeR CooLep Parts. 
of the American Steel Foundries for the production of steel for 
carbon steel castings to meet consistently the recognized specifica- 

tions for Grade ‘‘B’’ steel of the A. S. T. M. 


6. The description is made as non-technical as possible and 
free use has been made of photographs to portray and detail many 
small items which must necessarily be left undescribed in a paper 
of the prescribed length. These are shown in Figs. 1 to 6. 
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Bottom BUILDING 


7. Assuming the mechanical structure of the furnace is com- 
nlete, it is necessary to prepare the furnace bottom. Using wood 
fuel and keeping direct flame from the walls or roof, the temper- 
ature of the interior of the furnace is gradually raised over a 
neriod of 72 hr. till the brickwork begins to show red when the oil 
is turned on at the lowest rate of consumption, the reversing valves 
taken off center and starting with reversals at 1 hr. intervals, the 
reversal periods are gradually lowered till a reversal period of ap- 
proximately 15 min. is reached. Forty-eight hours are utilized to 
bring the furnace to working temperature. 


8. Bottom building can now be started. For this purpose 
dead burned magnesite is used because it is generally more uniform 
in composition than dolomite and has a higher melting point; fur- 
thermore, it does not slack as quickly if the furnace is not operated 
for a period. Typical analysis of dead burned magnesite is shown 


n Table 1. 





Fig. 4—C.Loseup View or Water Coo.en Doors anp JAmMBs. 
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Fic. 5—STeEEL SHEATHING AROUND CHECKER CHAMBER AND StaG Pocket. 


Three parts magnesite and one part ground slag free from 
steel, called the magnesite mix, is placed on the brickwork after a 
coating of slag has been placed on the brickwork. The material 
should be spread over the furnace bottom as evenly as possible with 
layers not over 14 in. thick, and sufficient time allowed for the mate. 
rial to properly sinter before the next layer is placed in the furnace. 


Table 1 
TypiIcAL ANALYSIS OF DEAD BuRNED MAGNESITE 
Per Cent 


Loss on Ignition 


9. For the first 3 in. of bottom placed in the furnace, an 


/ 


interval of not less than 214 hr. should elapse as each 1 in. layer 


is placed in the furnace. 


10. The mixture of three-fourths magnesite and one-fourth 
slag is used on side walls exclusively. Some slag will flow out of 
the mixture to the furnace bottom. Magnesite without slag is used 
to fill in the furnace bottom and absorb this excess slag. The propor- 
tion of slag in the mixture should be adjusted to produce a solid 
bottom. The layers of magnesite mix are continued until the leve! 
of the tapping hole is reached. The time necessary to thus build 
a bottom in a 30-ton furnace is about 6 days. 
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Tapping Hole 

11. <A pipe 6 in. in diameter and of the proper length is 
placed in the proper position for the tapping hole and held in 
place by blocking where the tapping hole passes in through the 
wall of the furnace. The part of the pipe inside the wall of the 
furnace is covered with a layer of magnesite mix 1 in. thick and 
the end, which extends inside the furnace bottom line, covered 
with magnesite mix to prevent the pipe melting. The pipe is 
closed by filling the inside with either magnesite or burned dolo- 
mite as though it were closed for a heat. 


12. The layers of magnesite mix are continued up the side 
of the furnace to a point about 10 in. above the slag line. The 
furnace bottom is sloped so that the steel and slag will all drain 
out of the furnace when the tap hole is opened. 


13. On the tapping hole where the pipe was blocked in the 
furnace wall to keep it in position, the brick used for blocking 
is removed and replaced with a mixture of equal parts of mag- 
nesite, chrome and cement with enough water to make the mix- 
ture pack well. This mixture is rammed hard and the space 
between tapping hole casting and pipe in the wall of the furnace 





Fic. 6—INstruMENT Boarp aNp ReGuLaTiInG Vatves ror OpEN-HeartH FURNACES. 
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completely filled. The tapping hole is cleaned out and reclosed 
as though a heat were to be charged. 


14. Ground slag is charged into the furnace, placing this 
as high as possible on the sides of the furnace, using the same 
methods used to place material for the bottom. This is repeated 
after approximately 1 hr. and continued until there is a dept! 
of 2 to 6 in. of liquid slag on the furnace bottom. The liqui 
slag is splashed as high as possible on the walls and ends of th 
furnace to allow the magnesite to absorb as much as possible 
of this liquid slag. The time allowed for this slagging bottom 
should not be less than 5 hr. The slag is then tapped and the 
furnace is ready for the first heat. 


Pre Charge Preparations 
15. Before charging the furnace, the furnace bottom is 
chilled by opening the doors and cutting off the fuel. 


16. The time used for chilling the furnace bottom must be 
left to the judgment of the melters. 


17. The tapping hole is closed by holding a rabble against 
the end in the furnace. Bottom material is inserted from the 
outside and firmly packed in place until the tap hole is filled 
to about 6 in. from the end. This space is filled with loam having 
sufficient moisture to make it pack well. 








Fic. 7—CLosiInG Ho.e From Ovursipe or FuRNACE. 
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18. Fig. 7 shows closing of the tap hole from the outside 
of the furnace. 

19. The rabble is removed from the inside of the tap hole 
and some bottom material placed over the end of the tap hole 
by shoveling through the door of the furnace. 

20. The furnace runner is lined with clay brick and then 
mudded with loam moistened with water to the proper con- 
sistency so that it packs well. The runner is dried to remove 
all moisture before the heat is tapped. 


FURNACE CHARGE 
21. In making up the furnace charge, consideration should 
be given to the material on hand, chemical analysis, price and 
space required in the furnace. In arranging the furnace charge, 
the standard shown in Table 2 is sought. 


Table 2 


STANDARD FURNACE CHARGE 


As Charged As Melted As Finished 

Per Cent Per Cent Per Cent 
i 1.75 to 2.0 0.65 — 0.75 0.28 
Manganese ........ 1.40 to 1.50 — 0.70 
NR Bie yt coon ss nia 0.50 Max. 0.03 0.36 
Sulphur ........... 0.045 Max. 0.025 
Phosphorus ........ 0.065 Max. 0.032 


») 


22. With a metal charge of 60,000 lb., approximately 2600 
lb. of burned lime and 600 lb. of manganese ore are used. Burned 
lime is used in place of limestone for two reasons: 

(1) The time element in melting, and 

(2) The need for less initial carbon content in the charge. 
Additional lime may be added to bath when necessary to con- 
dition the slag. 


99 


23. The pig iron, the scrap, the slag forming materials and 
the fuel are all analyzed and each charge made in a standard 
manner as to quantity and composition. Photographs illustrating 
the care exercised in separating and classifying pig iron and 
scrap are shown in Figs. 8 and 9. 


24. The first material charged into the furnace on each 
heat should be selected with the purpose of covering the bottom 
of the furnace and furnishing a bed for the lime. This will pre- 
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vent the lime from sticking to the furnace bottom. Plate scrap 
is probably the best for this purpose. Lime should be spread 
over the first scrap charged as evenly as possible followed by 
the balance of the scrap and then the pig iron. 


COMBUSTION FACTORS 


‘ 


; 25. The furnace should be arranged with two sources of 
4 draft — a fan to force air into the furnace, and a stack to draw 
3 
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Fic. 8—Two Views or CrassiFrep Scrap PI_zs. 
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Fic. 9—Two Views or Gantry Loapinc CHARGING Boxes. 


ur out of the furnace. The amount of air admitted to the fur- 
ace is controlled by the diaphragm, which also controls the 
fuel oil. The stack is provided with a damper and manometer 
so that the proper conditions and balanced pressure can be main- 
tained in the furnace. The reduction of draft, fuel oil and steam 
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at the time of making the final additions is reeommended because 
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Fic. 10—CuHarcinc a Bastc Open-HeartTH Furnace. 





this condition cuts down the amount of oxidation of the meta! 





and consequently, less loss of manganese and carbon. 






26. Fuel oil of a gravity of 5 to 12 degrees Baume an 






approximately 152,000 B.t.u. value is used. The temperature o! 





fuel oil when it enters the furnace is 170 to 190°F. A preheater 






is used for the oil before it enters the burner. The amount ot 





, fuel oil being burned per hour is indicated and recorded. From 





120 to 130 gal. per hr. after charging is the general rate em 






ployed. The fuel oil rate of flow is reduced when the heat is 





melted. On heats which melt very hot, the consumption of fuel 






oil may be cut down as low as 80 to 90 gal. per hr. when the 





final additions are made. On one furnace, an oil consumption 






of 27.6 gal. per ton of charge for the year’s average was ob- 






tained. This includes Sundays and shutdown days. During this 






period there was obtained an average of 23.2 gal. per ton of 






charge during a full operating week’s run. 
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27. The temperature of the superheated steam used for 
atomizing the oil is 600 to 700°F. at the regulator. The steam 
pressure employed is between 55 and 60 lb. at the regulator. This 
is maintained until the heat is melted. When the heat is melted, 





















the steam pressure is adjusted to the conditions in the furnace. 
When the final additions are made, the flame is reduced further. 










REFINING PERIOD 





28. The furnace charge should contain sufficient- lime to 





assist in removing the impurities in the metal and furnish pro- 
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‘tection by slag foundation to the metal from an oxidizing flame 
The use of fluor spar to condition the slag should be held to a 
minimum if used at all. 


29. During charging and until the lime starts to come up, 
furnace should be run with a full flame, predetermined set- 
tings being maintained by the instruments. The adjustments of 
he valves are made by actual flue gas analyses. The tempera- 
ture of the bath at the time the charge is melted should be high 
igh to gradually reduce the fuel oil, air and steam. By this 
practice some manganese reverts to the steel from the slag. With 
the same initial earbon content, the quicker the charge is melted, 
higher will be the carbon content of the bath. 


30. As soon as the heat is melted and the lime is up, which 
s indicated by the absence of localized violent boiling action in 
bath, a spoon test of the metal should be taken. Upon the 
irbon content the melter bases his judgment as to the amount 
f iron ore to add, and also to the time it is to be used. The heat 
should be at a fairly high temperature —the slag should be in a 


] 
ius 


hy condition. 


31. After the iron ore additions, the bath will break into 


brisk boiling action which should gradually slow down to a 
uniform gentle boiling action over its entire surface, the boiling 


‘tion becoming less intense and the carbon drop less rapid 





iG. 11—Lookinc Insc aN Open-Heartn Furnace. (A) SHarp Frame Over Hearra. 
(B) Sorr Stow Roitmvc Frame Over HeartTu. 
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Fic. 12—CuHarcinc Sipe or Open-HeEartH Furnace. Upper. Takinc a Tap Test. Lower 
TAKING TEMPERATURE OF Heat Prion To TappPiNG. 














as the bath approaches a carbon content of 0.25. During this 
time the amount of fuel, air and draft should be gradually 
diminished but still keeping a plus pressure. The slag should bi 







assuming a creamy condition. 






ALLOY ADDITIONS 






32. On the first preliminary test the chemical laborator) 
determines the carbon, manganese and sulphur. On all subsequent 
tests the chemical laboratory determines the carbon and manganese 
Other tests are taken as the refinement of the metal proceeds. 







33. The 15 per cent ferro-silicon is added to the bath 10 min 
before tapping. The charge of 80 per cent manganese is added t 
the ladle through the chute and the amount varied in accordance 
with residual manganese in the bath. The 50 per cent ferrosilicon 
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lappinc Sipe or Open-HeaRtTH Furnace. Upper. CLeaninc Out Tap Horr Prior 
To Tappinc Heat. Lower. LapLe 1n Position to Receive METAL. 
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for adjusting the final amount required is added in 14 in. size 
through a chute over the furnace runner. 


34. When the final additions are made, the draft, the amount 
of fuel oil burned and the steam used for atomizing are again re. 
duced as much as possible, and this condition is maintained unti] 
the heat is tapped. 

35. The material used to close the tap hole should be re. 
moved from the outside, leaving only a few in. of material on 
the inside. The tap hole and the runner should be thoroughly 
eleaned before proceeding. A tapping rod should be inserted 
through the observation hole in the center door of the furnace 
eovered with slag and after locating the tapping hole, thrust it 
against the material left in the tap hole until the rod pushes 
through and allows the metal to run out of the tap hole into the 
ladle. 

36. When the metal in the ladle is approximately 1 ft. deep, 
the 50 per cent ferro-silicon is added from the chute into the stream 
of metal as it runs from the furnace and the 80 per cent ferro- 
manganese is added to the metal in the ladle from its chute. 


37. Photographs illustrating phases pertinent to the making 





Fic, 14—Lap.e IN Posirion to Recetve Hor Mera From Open-HeartH FURNACE. 
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Fic. 15—Upper. OpEN-Heantu Betnc Tarren. Nore TEMPERATURE OF Metat BEING TAKEN. 
Lower, Pourinc STEEL INvo Mops. Nore TEMPERATURE OF MetaL AGAIN BEING TAKEN 


and disposal of a basic open hearth heat are as shown in Figs 
10 to 15. 

38. The normal tap temperature as taken of the metal as it 
flows from the furnace is 2940 to 2970°F. and the normal pouring 
temperature for the class of material produced is 2790 to 2820°F. 

39. A good tap of a normal heat will give required metal 
temperature, fluidity and composition while a large tap hole wil! 
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permit slag to enter the metal along with the additions from the 
chute thereby affecting the final steel composition. A small or slow 
tap will have little effect on composition but will affect the temper. 
ature and fluidity of the steel. 


10. In the basic open hearth practice, the refinement of the 
metal in the bath through the partial elimination by oxidation of 
the elements to be removed for the production of the finished stee 
required, has been covered in many well written treatises. In the 


memorandum here given the data pertains only to the character- 
istics of the furnaces described and the melting and refining prac- 


tices followed. 


Table 3 


Heat No. 4986 
SHOWING TypPICAL CHARGE AND REFINING OPERATION 
CHARGE: (Time — 8:20 a.m.) 

Metal . Per Cent 
Pig Iron 2 20.0 
Own & Company 14.2 
Cast Steel 10.0 
No. 1 Heavy Melting 14.2 
No. 2 Heavy Melting 13.3 
Rails 18.3 
Wheels 10.0 


60000 100.0 
Tar Coke 250 lb. 
Burned Lime 2600 lb. 
Manganese Ore 


REFINING OF HEAT: 
600 lb. Iron Ore — 400 Ib. 12:35 p. m., 200 lb. 12:50 p.m. 


No fluor spar or additional lime. 
500 lb. 15 per cent Ferro Silicon in furnace at 1:14 p.m. 


244 lb. 80 per cent Ferro Manganese in ladle, 
540 Ib. 50 per cent Ferro Silicon in runner. 
20 Ib. Tar Coke added in runner. 


HEAT TAPPED AT: 1:22 p.m. 
Time required to melt—4 hr. 5 min. 
Time required for heat—b5 hr. 2 min. 


41. The analysis of slag and metal as obtained from one heat 
or a number of heats is not sufficient guide as to exact procedure 
to follow but if all conditions and factors are considered and all 
variables reduced as much as possible to a standard, one has ac- 
complished much to guide the way to uniform metal practice. 
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Table 4 


Heat No. 4986 
SLAG ANALYSIS AND PRELIMINARY AND FINAL METAL ANALYSIS 


———————— , . Per Cent : m—, 
Melt Test* 2nd 8rd 4th 5th 
si O 5g cuales 14.81 17.61 16.88 16.21 15.58 
en. Oh .ccuase 2.44 2.48 2.16 2.05 2.01 
ie Te ee 3.34 3.51 3.72 4.02 4.40 
ee ee ee 9.62 13.63 15.44 14.39 15.11 
eee Sees 12.54 12.02 11.35 11.28 10.81 
ti My cciceon .29 37 40 36 35 
Oe &....iecs 47.93 42.20 40.94 42.36 43.14 
a Snener eee 6.02 5.57 6.42 6.52 5.77 
A | Sees 1.96 1.95 1.94 2.22 2.31 
S ee 15 19 21 .25 .28 
lime Taken .. 12:30 p.m. 12:45p.m. 1:00 p.m. 1:08p.m. 1:13 p.m. 
PRELIMINARIES 
- Per Cent — 
Cam 6. cis wine 0.60 0.40 0.36 0.28 0.25 
Manganese ........ 0.34 0.33 0.35 0.34 0.35 
I ink dare mrs 0.016 0.016 0.006 0.002 0.000 
PROGGREEME 40s ices 0.012 0.007 0.007 0.007 0.009 
DORN os ce bweeceen 0.035 0.032 0.031 0.029 0.029 
FINAL ANALYSIS 
- Per Cent - 
C Mn Si Pp S 
th Mall. s.caccens 0.27 0.63 0.40 0.021 0.029 


* NOTE: At the same time the metal test was taken, there was also a slag test poured. 


42. Itis necessary to establish maximum content of the charge 
with reference to carbon, manganese, silicon, sulphur and phosphor- 
ous. Carbon is necessary to produce the churning action or the 
ebullition by which the charged and formed oxide particles are 
brought together, thus coalescing with the formation of complex 
‘ompounds which go to form the slag. The slag blanket acts as 
the means of gathering these particles, of governing their rate of 
formation and of protecting through regulation of oxidation the 
metal—thus, the amount, rate of formation, viscosity and composi- 
tion of the slag is of utmost importance. 


43. The basicity of the slag controls the erosion of the bath 
along the slag line to some extent. 
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CONCLUSIONS 
14. By the use of a uniform charge from heat to heat and by 
the control of refining operations as shown in Table 3, it has been 
possible to produce consistently the highest grade of steel of re. 


quired compositions, physical properties and other qualities. 
5. Pig iron, scrap, slag forming materials, and fuel are a] 
analyzed and each charge is made in a standard manner as t 


quantity and composition. 


46. The rate of fuel consumption, draft control, and othe; 
similar factors necessary for maintaining the combustion condi- 
tions required at different stages in the heat, are definitely known 
to the operator and are recorded for the benefit of controlling out 


lined pract ices, 


17. The result is that heats melt uniformly, show consistent 





“a Beet melting and refining characteristics from heat to heat and uniform 
é 4 finished quality steel is obtained. 
a | 48. This paper is assembled from the facts and opinions 
4 b MI presented by the members of the Granite City Works’ organization 
Fh: ae of the American Steel Foundries to whom the writer is indebted 
ot | 4 e for their assistance 
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Steel Melting Symposium — V 


Basic Electric Practice for Steel Castings 


By CHARLES W. Briccs*, CLEVELAND. OHIO 


Abstract 


The methods used in operating the electric arc furnace 
by the basic practice are outlined. Double slag, single slag 
and alumina slag methods are discussed. Slag analyses are 
given and the reactions encountered are set forth. 


INTRODUCTION 


1. Well-made basic electric steel has been recognized as 
quality steel. The process is divided into two periods, (1) the 
oxidizing period and (2) the reducing period. Both periods have 
important functions but it is the reactions that take place during 
the reducing period that makes the process disinetive. During this 
period the dissolved or suspended oxides that occur in the steel are 
eliminated and the dissolved gases present in molten steel are re- 
duced to a minimum. 

2. In the basie electric process the phosphorus and sulphur 
content can be reduced to a very low figure, which of course, is very 
desirable when complying with certain specifications requiring 
minimum quantities of these elements. Also what is even more 
important is that a steel with a low sulphur content is apparently 
not affected by low ductility upon the addition of aluminum. 
Numerous tests have indicated that high mechanical properties 
may be obtained with basic electric steel when such critical amounts 
of 14 to 1 lb. of aluminum per ton of steel is added. This apparently 
results from the fact that basie electric steel usually contains less 
than 0.02 per cent sulphur. 


3. The process offers considerable flexibility in the production 
of a large variety of steels. The method is adaptable to the making 
of high alloy types as well as the regular grades. It is indispensable 
in the making of the 12 to 14 per cent manganese steel. Large ton- 
nages of stainless steels and corrosion resistant steels are made by 
this method due to the fact that easily oxidized elements, such as 
manganese and chromium, can subsequently be reduced during the 
refining period. 


~ * Technical Adviser, Steel Founders’ Society of America. 


Nore: This paper was presented at the steel session during the 43rd Annual Amer- 
ican Foundrymen’s Association Convention held in Cincinnati, O., May 15-18. 


299 





ee We 


air 


~ ee 











SYMPOSIUM ON STEEL MELTING PRACTICE 


4. Care in the selection of scrap, with reference to its 
phosphorus and sulphur content, is not as vital a factor as in some 
other processes and consequently, a lower priced scrap may be used. 


5. This process is not used in the production of steel castings 
today to the degree that is being accorded the acid electric process. 
This is undoubtedly due to the ease with which high grade scrap 
of low phosphorus and sulphur content can be acquired. Also, the 
relatively higher costs of basic refractories makes the acid method 
quite attractive. It should be pointed out, however, that the present 
use of phosphorus additions to produce high tensile steels (rolled 
steel) may make the scrap problem of the future more complex, 
and it is quite possible that for this reason the basic process will 
find more application in the steel foundry in years to come. 


6. It is, however, not the purpose of this paper to dwell on 
the economic possibilities of the process, but to present the details 
of the production of steel for steel castings by the basic electric 
method. 


FuRNACE LININGS 


7. The furnaces in which the basic electric process is used 
throughout the industry vary in rated capacities from 1% to 7% 
tons. The average size, however, is the 6 ton furnace. 


8. The bottoms or hearths of the larger furnaces are con- 
structed from graded, calcined magnesite or dolomite that is fused 
into place. Such a construction is usually the case when consider- 
able amounts of iron ore are used in the melting practice. The 
sub-hearth is insulated with a flat course of firebrick against the 
shell, on top of which are laid several courses of magnesite brick 
extending up the side walls to just above the slag line. The side 
walls and roof are lined with silica brick. 


9. The accepted practice is to place three pieces of used or 
broken electrode on the bottom so that they will be under each 
furnace electrode and in contact with each other. The furnace 
electrodes are then lowered and the current turned on. A low 
tap should be used at first so that the furnace will be heated grad- 
ually and allowed to dry out. When the brick work is thoroughly 
dry, the temperature can be brought up to the sintering heat 
and the first layer of magnesite can be placed. When this has 
sintered tightly to the brick work, the next layer is shoveled in, and 
the process continued until the bottom is complete. 
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10. Usually a small amount of ground slag (basic open-hearth 
or first slag from the basic electric) is added to the magnesite to 
help the magnesite to sinter in place. Small additions of ground 
‘alcined dolomite are sometimes substituted for the slag as the 
dolomite has a sintering point that is lower than that of magnesite. 
Typical analyses of magnesite and dolomite are shown in Table 1. 
The pieces of electrode used for resistors are pried up as the 
bottom is built up. 


Table 1 


TypicAL ANALYSIS OF MAGNESITE AND DOLOMITE 


Se Per ———, 

Magnesite Dolomite 
| Pet Te rrEerr ree 4to8 12.0 
BG x's sccccsenncess 2 4.0 
errr rere rer 4to8 5.0 
RN ilteastdrc ow tise o> 2.5 to 7 47.0 
AR ee een 80 32.0 


11. In all the small furnaces and in some of the larger ones 
the bottom is rammed in place. Periclase (90 per cent MgO with 
less than 5 per cent SiOz) is mixed with a high temperature bond- 
ing agent such as Austrian magnesite, to which is added about 3 
per cent sodium silicate to make the mix sufficiently moist to allow 
the material to be tamped. The periclase is well graded so that 
about 75 per cent passes the 6 mesh sieve and remains on the 20 
mesh. The mix contains about 70 per cent of this material and the 
other 30 per cent is made up of equal amounts of finely ground 
periclase and the high temperature bonding agent. 


12. The moistened material is rammed to the shape of the 
desired hearth. A wood fire or an electric heater placed in the 
closed furnace will dry out the brick-work. This is often followed 
by a coke fire to heat up the furnace and then the current is turned 
on and the electrodes allowed to are on the coke. The temperature 
of the furnace is brought up and held for several hours at a tem- 
perature just below that which would cause the silica brick in the 
side walls and roof to drip. With this treament the bottom will be 
sintered to a depth of 3 or 4 in. 


13. Another modification of the rammed bottom is made by 
the use of magnesite to which is added 5 to 8 per cent of fire clay. 
The materials are intimately mixed by mulling in a sand muller. 
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Enough water is added to allow the mix to be tamped into place 
A still further modification consists of magnesite, or magnesite and 


dolomite, to which is added hot tar for tamping purposes. 


14 In some Gases, a course or two of the neutral chrome 
brick are placed between the magnesite brick and the siliea brick 
on the side walls. This is a sound principle but the chromite re- 


fractories are more ordinarily avoided due to the possibility of 


1 
1 


chromium being reduced and alloying with the bath. 


Raw MATERIALS 


15s. The slag making materials for the basic process consist 
of lime, sand, fluorspar and a carbonaceous material such as ground 


carbon, graphite or coke. Analyses of these materials are given iu 

















Table 2 
: 16 The lime should be of cood crade and contain not less 
qi than 95 per cent CaO. Excellent grades of lime may be obtained 
i) if metallurgical lime of the analysis as shown in Table 2 is specified. 
tf The material should be purchased in rice size with the dust 
5} screened out. If possible, the lime should be obtained in airtight 









‘ containers as the lime breaks down into fines when standing in 
the air. 


Table 2 


COMPOSITION OF SLAG-FORMING MATERIALS 





—e —Per cent————————— 


CaO S20, MgO CaF, Fe,03,+ Al,0, 


EROS i6 kev 95.0 1.0. 1.5 sere 1.5 
ee ee 98.0 nee ociete 1.5 


Fluorspar .. 5.0 5.0 peas 85.0 5.0 


17. Limestone is seldom used in place of metallurgicai lime, 
partly because it has to be caleined in the furnace, which delays 
operations, and partly because it does not form up well in the 
refining slag. 





18. Tests by von Keil and Czermak! have shown that the 
oxygen content is higher in those steels where limestone was used 
in the refining slag, thus causing an increase in the consumption 
of deoxidizing agents. However, limestone is often used during 
the melting period and in the forming of the oxidizing slag. 


?Von Keil O. and Czermak E., Stahl und Eisen, 1932, vol. 52, Aug. 4, pp. 749-756. 
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19. The primary function of fluorspar is to lower the vis- 
ity of the basic slag. It also aids in the removal of sulphur and 
osphorus from steel, indirectly, by decreasing the slag viscosity, 
| directly, by forming compounds containing phosphorus and 

sulphur which may enter the slag or escape by volatilization. Fluor- 
spar makes it possible for a slag to have a high lime content without 
ing excessively viscous, a fluid slag being more reactive than a 


viscous one, and it does this without changing the basicity of the 


20. Silica sand is also used occasionally as a thinning agent. 


Addition of sand, however, lowers the basicity of the slag. 


21. The other raw materials consist of iron ore, scrap steel, 
ind the ferro-alloys used for deoxidation. Iron ore is used when 
the scrap is high in carbon content and a much lower carbon con- 
tent is desired. The steel scrap consists of approximately 20 to 35 
per cent of foundry returns in the form of gates and risers. The 
remainder consists of purchased steel scrap and turnings from the 
machine shop. A great variety of light and medium sized scrap 


s used. A charge containing over 0.10 per cent phosphorus and 


0.08 per cent sulphur is very seldom used in the cold scrap prac- 
tice. Generally in steel casting manufacture it will run considerably 
below this figure, since pig iron is not used in the charge and the 
necessary slagging operations required by high phosphorus con- 
tent serap, more than offset the savings effected by the purchase 


unclassified serap. 


CHARGING 


9» 


22. The furnace is charged first with the heavy scrap which is 
placed directly under the electrodes. Light scrap is charged around 
the electrodes and in the center of the furnace. The light bulky 
scrap, such as turnings, are charged around the sides. Limestone 
or lime is sometimes charged with the scrap, but care is taken 
to keep these non-conducting materials from interfering with the 
formation of the are. 

23. The placing of the scrap in the furnace and the proper 
proportion of light and heavy scrap are important from the stand- 
point of bottom difficulties and rapid melting. The heat should 
melt from the bottom up. If the are is mostly concentrated on the 
heavy scrap a pool of metal will be formed quickly and a constant 
are can be maintained. This is of importance in the cutting down 
of power surges and the decreasing of melting time. 
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24. The foundry returns should be free of excess sand, as 
adhering sand will lower the basicity of the slag and thus effect 
the efficiency of the phosphorus elimination. The modern furnace 

of today is equipped with a removal roof which saves considerable 
time in charging. Hand charging has the advantage that the scrap 
can be placed in the furnace as outlined above. If charging buckets 
are used care must be exercised in placing the scrap in the bucket 
so that it will fall correctly into the desired place. 


25. Another precaution that is considered essential is that 
the metal charge and all alloys as well as all fluxes and slag form- 
' ing materials must be absolutely free from moisture to prevent 
i the decomposition of water vapor. The hydrogen so formed may 
) be absorbed by the bath with the possibility of producing defective 
; steel at the time of casting. Some operators go so far as to preheat 
all their materials before putting them into the furnace. 


MELTING 

26. The manufacture of basic electric steel for steel castings 
is carried on by two processes: (1) the cold scrap process, and (2) 
the hot metal process. In the former, the charge is melted and re- 
fined in the basic electric furnace; in the latter the melting and 
refining, or in some cases just the melting, are carried out in the 
open-hearth. The molten steel is then transferred to the electric 
furnace where the refining operations are continued. 


27. The cold scrap process is the one ordinarily favored since 
approximately 95 per cent is produced in this manner. In the cold 
scrap process the melting operation is carried out as quickly as 
possible. As soon as a pool of metal is formed, a small amount of 
lime or limestone is added to protect the metal from over-oxidizing. 
From time to time during the melting, other additions of lime or 
limestone are made so that when the charge is completely melted a 
slag in the proportion of about 30 to 40 pounds to the ton of metal 
is present. 





28. If it is necessary to use iron ore, as an aid in the elimina- 
tion of carbon, it is usually added just before melting is completed. 
In some cases it is added in two separate batches, namely, just 
before and again shortly after melting is completed. In one plant 
manganese ore is used instead of iron ore. 
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29. Under certain circumstances it may be necessary to add 
. little fluorspar to the slag when no ore is added to the bath in 
order to lower the viscosity of the lime slag. This, however, is only 
necessary when the scrap is exceptionally free from rust. 


30. As soon as the bath is melted the power input is reduced, 
n order that low temperature will be maintained as an aid in the 
phosphorus elimination, and a metal test for the chemical laboratory 
is taken. The slag will appear very black and will be quite brittle. 


31. In Table 3 are presented the analyses that have been 
obtained from a study of basic oxodizing slags produced in com- 
mercial practice. The table brings out some very interesting ob- 
servations. In the first place, it shows the close control of oxidation 
that may be obtained. Since during the melting period there are 
no oxidizing gases present, as in the open-hearth process, the 
oxidation may be controlled by the amount of oxygen, in the form 
of a solid oxide, that is admitted to the furnace. The solid oxide 
may be present in the form of iron ore, mill scale or rusty serap. 


Table 3 


ANALYsIS OF Basic OxipiIzINa SLAGs 


- = Per cent— —_ : 

A B C D E F G H 
CaO ....88.56 50.28 48.85 51.20 45.10 36.71 17.26 30.47 
OP incites ae ree re Gaile at 0.55 
CaS .... 0.41 0.32 0.40 0.32 0.34 0.37 0.09 0.22 
CoC. ... ae 0.18 0.10 0.09 0.13 0.24 0.10 0.06 
FeO ....24.62 15.50 18.02 14.85 12.25 24.12 18.80 24.55 
MnO ....11.68 2.90 8.93 5.52 12.34 8.49 18.30 10.32 
Al,O, ... 1.96 1.07 2.16 2.94 2.02 3.45 5.24 2.00 
MgO .... 8.29 7.56 10.00 7.76 10.70 9.94 19.83 9.39 
Cr,0, ... 0.62 0.35 0.22 ee eee 1.22 
2 Sere: 157 244 0.47 1.96 082 0.06 0.58 
SiO, ....12.69 6.86 13.82 15.39 15.17 12.38 29.62 21.04 


32. It will be noticed from Table 3 that the FeO content 
of the oxidizing slags varies from 12 to 25 per cent. Thus slags A, 
F and H were melted with an excess of rust or scale in the charge 
or that iron ore was added when the charge was melted. Slags 
of this type indicate that complete oxidation was obtained during 
the melting period and that carbon, manganese, chromium and 
silicon have been almost completely oxidized from the molten metal. 
[f a charge is made up of scrap that will average between 0.20 and 
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0.25 per cent carbon, it is possible to obtain by melting with com. 
plete oxidation a carbon content of 0.03 to 0.07 per cent, manganese 
from 0.05 to 0.10 per cent and silicon from 0.01 to 0.05 per cent. 
If the carbon content of the scrap averaged 0.40 to 0.60 the earbon 
reduction would not be carried so low but would be in the neigh- 
borhood of perhaps 0.10 to 0.16 per cent. 


33. Oxidizing slags that contain FeO in the neighborhood of 
13 to 18 per cent are normal to the cold scrap process as used in 
steel casting manufacturing. Under these conditions iron ore is not 
added to the bath, mill seale is kept from the charge and the scrap 
is relatively free from excessive rust. This method of melting is 
spoken of as melting with partial oxidation. The earbon content 
of the scrap before melting will run from 0.20 to 0.40 per cent, 
whereas after melting it will be found to fall between 0.10 to 0.20 
per cent. The manganese content will usually fall between 0.10 to 
0.20 per cent and the silicon will be in the neighborhood of 0.05 
per cent. 


34. There is a third variation of oxidation control in which 
an attempt is made to melt without oxidation. This practice is not 
used in the normal production of carbon and low alloy steel cast- 
ings. It is, however, practiced in the manufacture of high allo) 
steel castings when serap of high alloy content is used. This is 
especially true when the serap is high in chromium or manganese. 
Under these circumstances no ore or scale is employed and the 
serap is carefully selected so that it is as free as possible from rust 
and seale. Lime is used in place of limestone in the slag and the 
slag is not removed but becomes a base for the refining operations. 
In this case, of course, the small amounts of manganese, chromium 
and phosphorus that are oxidized during melting are reduced to 
their respective elements and returned to the metal during the 
refining period. Only a small percentage of the carbon in the 
original serap is lost. 


35. Several other interesting points may be mentioned in 
connection with the slag analyses of oxidizing slags of Table 3. 
Slag B has very basic characteristics, so much so that it was neces- 
sary to add fluorspar in order to decrease the viscosity of the slag 
When fluorspar is added, in order to have the analyses total 100 
per cent, it is necessary to analyze for CaF,. This is an important 
point and should be borne in mind by those analyzing basic slags, 
especially the refining slags where fluorspar is more commonly used. 
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36. A good basie oxidizing slag will contain between 45 and 
70 per cent of strong bases (CaO+MgO), between 15 and 35 per 
cent weak bases (FeO+MnO), and between 10 and 20 per cent 


“ids $10.7 P.O;). 


37. Slag G@ is a very poor basic oxodizing slag. The SiQ» con- 


tent is about 10 per cent too high for normal practice. The high 
MgO content indicates that the magnesite lining is being unduly 
corroded because of the acid characteristics of the slag. The analyses 
show that the slag has little phorphorus eliminating ability due 
to the low lime content. 


) 


38. It is thought that in order to obtain an elimination of 
phosphorus from the bath it is necessary that the slag contain an 
excess of bases and of iron oxide. Table 3 confirms this in that slags 
high in bases and iron oxide show considerable amounts of P.O; 
present. It should be pointed out for the sake of clarity that slag 
D contained only a low percentage of phosphorus in the serap 
approximately 0.038 per cent), and as will be shown later, was 
subjected to only the single slag process. It is rather difficult to 
obtain an accurate determination of the amount of phosphorus 
that is eliminated from the bath during the melting period and 
the subsequent time that the oxidizing slag remains on the bath. 
This is because it is difficult to arrive at an accurate determination 
of the phosphorus content in the scrap. Also a determination of 
the phosphorus content of metal after the steel has melted down 
does not tell the entire story since phosphorus elimination is pro- 
ceeding during the melting down period. A rough idea may be 
obtained by a study of the P.O; content of the slag and the phos- 
phorus content of the metal at slagging off time. The P.O; could 
be reconverted if the total slag weight were known. Unfortunately, 
under commercial practice, the weight of the oxidizing slag is not 
determined and only a rough average of from 30 to 40 Ib. of slag 
per ton of metal is maintained. Values other than this may result 
depending on the errosion of bottom material, the amount of sand 
adhering to the scrap, the surface area of the bath and ete. 


39. At the time the oxidizing slag is ready to be removed the 
phosphorus content of the bath will be in the neighborhood of 0.01 
to 0.03 per cent providing that a good dephosphorizing slag is em- 
ployed. There will also be a slight loss in sulphur content. Tests 
made on the charging of a uniform grade of screw stock have shown 
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a reduction of 0.008 per cent sulphur at the time the oxidizing 
slag was removed. 


40. The bath is now ready for slagging off. First, the double 
slag process will be discussed after which the single slag method 
and other modified procedures will be outlined. 


DouBLE SLAG PROCEDURE 

41. The first slag, or oxidizing slag, is removed by tilting 
the furnace and raking off the slag, usually through the charging 
door. The power is cut off and the electrodes raised to facilitate 
slagging operations. Considerable care is given to the slagging 
operation so that all of the slag may be removed from the bath. 
In some eases, lime is added just before slagging is completed so 
that the remaining thin slag will be thickened considerably, thus 
allowing the melter to remove the last traces of the slag. 


42. The complete removal of the oxidizing slag is necessary 
since this slag is carrying phosphorus and under the reducing con- 
ditions which are to follow the remaining phosphorus will be again 
reverted to the metal unless these precautions are followed. 


43. To the slag free bath is added either ferro-manganese or 
ferro-silicon, followed by the addition of carbon. The deoxidizer 
is added to reduce the oxygen content of the bath so that the carbon 
recovery will be higher than would otherwise be obtained. By fol- 
lowing this procedure it is possible to figure on a definite carbon 
pick-up by the bath. If the steel is to finish at 0.25 per cent carbon, 
a carbon addition will be made so that the bath will contain between 
0.20 and 0.22 per cent carbon. The open bath will pick up the 
added carbon quickly and immediately thereafter the refining slag 
is added to the bath. 


44. In some plants the addition of ferro-silicon or ferro-man- 
ganese to the open bath is considered poor practice in that finely 
divided silica, which is the product of deoxidation reaction 1s 
formed. Those that use the practice claim that these reaction 
products will be eliminated from the metal by migration to the 
slag during the hour long refining period. 


45. The refining slag is usually mixed up beforehand and will 
contain a definite proportion of lime and fluorspar. About one-half 
of the total slag material to be used is charged at this time. The elec- 
trodes are lowered and the current turned on as the slag materials 
are added. A lime to fluorspar ratio of approximately 8 to 1 is or 
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narily used. In some foundries sand is added to the mix or sub- 

tuted for part of the fluorspar. Usually sand is only added with 
the first addition of slag-making materials so that an easily fusible 
slag will be obtained as quickly as possible. As the materials fuse 
further additions of lime and spar are made until the proper 
volume of slag is obtained. To these later additions pulverized 
‘arbon is added so that reducing conditions may proceed at once 
and thus prevent the oxidation of the carbon in the ‘metal. 


46. The metal to slag ratio is normally between 30 to 1 and 
10 to 1 depending on the size of the furnace, or as more correctly 
stated, depending on the surface area of the bath. 


47. As soon as the second slag is melted the current is re- 
duced and the refining operation proceeds. The slag color at this 
stage is quite black. At regular intervals a small amount of pul- 
verized carbon or coke is spread over the bath. In some foundries 
a small amount of pulverized ferro-silicon is added with the carbon 
especially at first to hasten the reducing action. As this reaction 
progresses the slag which at first may be a dark greenish brown 
turns lighter brown and then will disintegrate or crumble to a 
white or gray powder. 

48. Slag samples should be taken at regular intervals during 
the period the pulverized carbon additions are made to the slag. 
The slag at first will foam up when the carbon is added and later 
when deoxidation is nearly complete it will have the general effect 
of a lot of popcorn floating on top of the bath. 


49. Just prior to the time that the slag sample disintegrates, 
an odor of acetylene from the calcium carbide may be detected in 
the steam rising from a slagged spoon that has been placed in water. 


50. It is possible to carry the deoxidation to such an extreme 
that so much calcium carbide is formed that the slag will break 
down into a dark gray powder instead of the usual white powder. 
Slags of this type will contain as much as 1.50 to 3.00 per cent 
calcium carbide. 


dl. In some foundries the procedure of not allowing even 
the white powder slag to form is established, and only a light brown 
slag that emits a faint odor of acetylene is used as the finishing 
slag. The reason given for using this practice is that the steel under 
this type of slag has a greater fluidity than one produced under 
a white finishing slag. Such a slag will contain iron oxide present 
in quantities between 1.5 and 3.0 per cent. 
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52. The period in which the refining slag is on the bath will 
total from 1 hr. to 14 hr. Half of this time is taken up in forming 
the slag and the other half in deoxidizing it. Generally, 14 hr. 


after the slag is made is a sufficient length of time to thoroughly 
deoxidize the slag. 


53. The oxides of iron and manganese in the slag are reduced 
to metallic manganese and iron by the reaction of carbon on the 
oxides and the formation of CO. The sulphur is converted to cal- 
cium sulphide and retained by the slag, or escapes as SO,. These 
reactions will be explained in detail further on in the paper. 


54. During the refining period, the consisteney of the slag 
should be earefully observed. The slag should not be allowed to 
become too viscous, since an intimate metal contact will not be 
made and sulphur elimination will not proceed. Also, it should 
not be allowed to become too fluid or thin, as it will not develop 
into the proper reducing slag. The latter condition is usually an 
indieation that the SiO». content is becoming too high, either due 
to spalling of the silica refractories, or too much sand being used 
in the slag forming materials. It should, of course, be remembered 
that in order to have efficient sulphur elimination the lime to silica 
ratio must be kept high. The color and the appearance are good 
gauges of the deoxidizing value of the slag. The odor coming off 
the slag also indicates the presence of calcium carbide. 


55. <A sample for the chemical laboratory is obtained as soon 
as the carbide slag appears. As soon as the carbon and manganese 
contents of the bath are known, preparations are made for deoxida- 
tion and tapping of the furnace. 


56. If further additions of carbon to the metal are needed 
it is added usually in the form of wash metal (3.5 per cent C with 
low P, S and Si content) or a low sulphur pig iron. The power 
input is increased and the metal temperature or its flowing power 
is adjudged by spoon set tests or fluidity tests. Upon obtaining the 
desired temperature the final additions in the form of ferro-man- 
ganese and ferro-silicon are made and the bath is rabbled and 
tapped. 


57. In some eases ferro-titanium is added to the furnace just 
prior to tapping. Also, in other plants a small amount of aluminum 
is added to the ladle during the tapping. 
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58. In most cases, the metal is tapped into bottom pour ladles. 
Top pour ladles are seldom, if ever, used since it is rather difficult 
to hold back the slag because of its quite fluid characteristics. 
Occasionally basie steel is hand shanked, but this procedure is an 
exceptional one in that basic electric steel is considered to have 
rather poor shanking qualities. By this it is meant that the fluidity 
characteristics of basic electric steel are considered to be inferior 
to that of acid eleetrie steel. Considerable basic electric steel has 
been hand shanked, but for this purpose the steel is practically 
always made by the single slag method. 


59. In Table 4 there is presented a furnace record of a typical 


double-slag heat. 


60. From a study of the miscellaneous scrap it is believed 
that the phosphorus and sulphur contents were approximately each 
0.05 per cent at the time melting started. Slag analyses were also 
made on this heat and are given in Table 5. Attention is ealled to 
the manner in which the FeO content drops and the CaS content 
inereases as the refining time continues. 


61. In Table 6 are given other typical refining slags at tap- 
ping time. These analyses bring out the fact that the SiO, content 
varies from 15 to 30 per cent and the FeO content will be present 
in amounts of 0.50 to 1.50 per cent which is considerably lower than 
that found in the oxidizing slag. 


62. A fluid basie refining slag will lower the sulphur content 
of the metal appreciably. It is not uncommon to obtain a sulphur 
content in the neighborhood of 0.010 per cent after good refining 
conditions have been maintained. In Table 7 are listed a few 
analyses showing sulphur percentages present in the metal both 
before and after the refining period. 


63. Reductions in the neighborhood of 0.10 to 0.01 per cent 
sulphur require the extension of the refining periods to much longer 
periods than that usually given in normal operation or requires a 
slag containing 2.00 to 3.00 per cent calcium carbide throughout 
the refining period. With large percentages of calcium carbide 
present in the slag, the sulphur will be quickly eliminated. 


64. Constant attention must be given to temperature control 
in eleetrie furnace steel production, since the equilibrium between 
oxygen in the bath and in the slag changes materially with tem- 
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perature. Hydrogen is also more likely to be absorbed at higher 
temperatures, this is particularly serious when certain of the 
chromium-nickel steels are being melted, especially those containing 
considerable silicon. Hydrogen causes porosity in castings; conse- 
quently, every effort should be made to mantain an atmosphere of 
carbon monoxide in the furnace especially during the elimination 
of sulphur which requires a high temperature for efficient elimina- 
i tion. 





65. Petrographic analysis of a carbide slag indicates the pres- 
ence of dicalcium-silicate (2CaO SiOz) and usually tri-calcium 
silicate (3CaO'SiO,), a small amount of solid solution phase con- 
sisting of magnesium oxide, manganese oxide and ferrous oxide. 
undissolved magnesium oxide, and possibly some free lime. 







Table 4 






























Recorp oF A DouBLE SLAG HEatT oF A 6 Ton FURNACE 
Analyses desired: CO 25 per cent, Mn 0.65 per cent, SiO 0.80 per cent, 
P less than 0.03 per cent, S less than 0.03 per cent 
Charge: 13,000 lb. misc. scrap 
5,000 lb. foundry returns 
18,000 lb. total 
10:00 A.M. Power on high voltage 
| 10:30 A.M. Lime—100 lb. 
11:00 A.M. Lime—200 lb. 
11:20 A.M. Lime—100 lb. 
11:40 A.M. Lime— 50 lb. Intermediate voltage 
12:05 P.M. Melted down 
12:10 P.M. First lab. test for C and Mn 
12:25 P.M. Test reported C 0.15 per cent, Mn 0.13 per cent 
12:30 P.M. 2nd lab. test for P and S 
12:32 P.M. Slag sample 
12:35 P.M. Slag off 
12:42 P.M. Finish slag off 
12:43 P.M. Add: Ferro-manganese—105 lb. 80 per cent Mn 
Ferro-silicon—25 lb. 50 per cent Si 
12:44 P.M. Add: Pulverized Carbon 20 lb. 
12:45 P.M. Add: Refining slag mix 
200 Ib. lime 
25 lb. fluorspar 
20 Ib. sand 
12:58 P.M Add: Refining slag mix 










200 Ib. lime 
25 lb. fluorspar 
10 lb. pulverized carbon 
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Table 4 Continued 


05 P.M. Second slag sample 
1:10 P.M. Third metal test for laboratory—Carbon 
1:15 P.M. Add: Pulv. Carbon 4 lb., Pulv. FeSi 2 Ib. 
20 P.M. Add: Pulv. Carbon 2 ib., Pulv. FeSi 2 lb. 
1:25 P.M. Carbide slag—Third slag sample 
10 P.M. Second metal test reported P 0.019 per cent; S 


0.042 per cent 
Third metal test reported C 0.22 per cent 


1:30 P.M. Add Pulv. Carbon 2 lb. 

1:35 P.M. Add Pulv. Carbon 2 lb. 

1:40 P.M. Fourth slag—Disintegrated—white 

1:42 P.M. Fourth metal test for C, Mn 

1:55 P.M. Fourth metal test reported C 0.23 per cent, Mn 

0.38 per cent 

2:00 P.M. Stir bath; temperature test 

2:05 P.M. Add Ferro-manganese 70 lb.; 80 per cent Mn 
Add Ferro-silicon 95 lb.; 50 per cent Si 

2:10 P.M. Stir bath; temperature test 

2:12 P.M. Fifth slag test 

2:15 P.M. Tapped 


Ladle analysis: C 0.24 percent, Mn 0.66 per cent, Si 0.30 per cent, 
P 0.020 per cent, S 0.023 per cent 


Single Slag Process 


66. The single slag process is used in many cases when the 
phosphorus content of the scrap is less than 0.04 per cent. One 
foundry reports that the majority of their scrap contains less than 
0.035 per cent, phosphorus, and hence they always use the single 
slag operation. 


67. The single slag procedure, of course, speeds up the prac- 
tice since the deoxidation or refining period can proceed as soon 
as the charge is melted. This results in bringing the production 
time more in line with the acid electric practice which is a single 
slag process, with the added feature that the steel is more thoroughly 
deoxidized and the sulphur content may be materially reduced. 
If such features are important in the production of quality steel 
then it is logical to propose that the single slag basic practice offers 
distinct advantages over the acid electric practice. 


68. The charging and melting methods are identical to that 
already deseribed under the double slag process, except that by 
the time melting is complete, a slag of the proper volume and con- 
sistency for the refining conditions has been produced. 
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Table 5 


SLAG ANALYSIS FROM HEAT oF TABLE 4. DoUBLE SLAG. CARBON SEF} 





Per cent 
No. 1 No. 2 No. 3 No. 4 No. 5 
Oxidizing slag —-Refining slags— - Tapping 
12:32 P.M. 1:05P.M 1:25 P.M. 1:40 P.M. 2:12 P.M. 
Cal 41.02 43.28 49.91 51.84 51.35 
CaF P ees 6.98 7.30 7.96 7.05 
Cas . 0.22 0.28 0.41 0.46 0.71 
CaC tt 0.16 0.70 0.58 0.59 
FeO . 23.90 11.55 0.88 0.43 0.67 
MnO ' 7.00 8.42 2.96 0.91 0.30 
Al,0. 1.96 1.61 1.76 1.50 2.13 
MgO 9.56 7.69 9.08 7.42 9.60 
Cr,0. : 0.75 0.56 0.08 0.02 0.02 
P.O, 0.98 0.32 0.21 0.07 0.02 
SiO. . . 14.56 19.72 27.68 29.30 27.18 
Color . Black Dark Light White White 
Brown-Green Brown 
69. As soon as melting is complete, the bath is recarburized 


with a low phosphorus pig iron and pulverized carbon additions 
are made to the slag as has previously been discussed under the 
double slag process. Since there are no outstanding differences in 
the refining practice of the two operations, it is reasonable to 
expect the same degree of desulphurization in the single slag method 
as was obtained in the double slag operation. There is no phos- 
phorus elimination of course, since all the phosphorus oxide formed 
during the melting down stage is reduced under the earbide slag 
of the refining period 
Table 6 


SINGLE SLAG Metrunop Typican FINISHING SLAGsS AT TAPPING TIM 





per cent 


Vo. 1 No. 2 No. 3 No. 4 No.5 
CaO . , 15.23 51.39 54.87 54.26 $3.42 
CaF, -. 11.05 11.52 13.53 18.50 6.69 
CaS . - 0.53 1.82 0.41 1.35 0.23 
CaC, - 0.50 1.05 1.03 1.22 0.28 
| Serr 1.05 0.85 0.84 0.48 2.50 
MnO 0.73 0.15 0.42 0.35 2.88 
Al,O, £5 272 3.05 1.20 2.06 - 3.15 
MgO ... .. 14.53 13.02 6.56 197 8.50 
eee 0.02 — 0.02 one aio 
- Saar. 0.02 0.06 0.03 0.02 
SiO, .. .. 238.68 17.42 19.80 14.04 31.06 


Color .. ... Light White White White Dark 
Brown Brown 
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70. Typical finishing slags as used in the single slag method 
are illustrated in Table 6. It will be noted that slag No. 5 is high 
n iron oxide. Some producers maintain that this is necessary for 
a steel with good fluidity requirements, since it is reasoned that 
heeause of the equilibrium conditions between the metal and the 
slag a higher FeO content in the slag will produce a higher FeO 
content in the metal and hence a greater fluidity is obtained. This 
is true providing a sufficient length of time is allowed for the 
equilibrium to take place. In the short period of 30 to 45 min. in 
which the refining slag is active the equilibrium conditions are 
seldom, if ever, reached and hence a slag containing 0.75 per cent 
FeO may show as much FeO in the metal as a slag containing 
2.50 per cent FeO. This of course depends on the rate that FeO is 
reduced from the slag. It also should be pointed out that the FeO 
‘content (in the metal) at which maximum fluidity is obtained is 
not as yet known. It is, however, known that too much FeO in the 


metal is not conducive to good fluidity. 


Table 7 


Per CENT SULPHUR PRESENT IN METAL BEFORE AND AFTER 
REFINING PERIODS. 


Per cent Sulphur - Y 

1 2 3 4 5 
Before Refining........... 0.038 0.042 0.044 0.030 0.062 
After Rennie... 00. 0s0s: 0.013 0.023 0.014 0.008 0.029 


71. <A furnace chart of a commercial single slag heat is pre- 
sented in Table 8 for study and comparison with the double slag 
practice of Table 4. 


72. The slag analyses clearly point out the trend in the re- 
turn of the phosphorus to the metal. It also shows the drop that 
takes place in the CaF, content after the single addition of fluor- 
spar early in the refining part of the heat. 


73. An indication of the amount of phosphorus that is elimi- 
nated in a single slag heat may be obtained from: the phosphorus 
analyses of the heat recorded in Table 6. A sample taken just at 
the time of melt down showed 0.038 per cent phosphorus, whereas 
the ladle analysis gave 0.035 per cent phosphorus or a reduction 


f only 0.003 per cent. 


Fee ea re 


mre 





oe, 


A EAT 


ODN DE 
pam) 


+ ee ert me 


* 


(Pow 


ees 





































316 SYMPOSIUM ON STEEL MELTING PRACTICE 


Hot Metal Process 


74. The hot metal process obtains its name from the fact 
that the steel is melted in some other furnace, usually the basic 
open-hearth furnace, and then transferred to the basic electric 
furnace for the refining treatment. The furnaces used in the hot 
metal process have rated capacities of from 7 to 10 tons, and the 
bottom lining is usually sintered magnesite. The hot metal charge 


Table 8 
RECORD OF A SINGLE SLAG* Heat or a 3 TON FURNACE 


Analysis desired: C 0.25 per cent, Mn 0.60 per cent, Si 0.30 per cent 
P iess than 0.04 per cent, S less than 0.04 per cent 
Charge: Misc. scrap low phos... 5,000 lb. 


Foundry returns...... 3,000 lb. 
8,000 lb. 
8:80 P.M. Power on high voltage 
4:00 P.M. Lime 50 lb. 
4:30 P.M. Lime 50 lb. 
5:00 P.M. Lime 75 Ib. 
5:30 P.M. Lime 50 lb. 
5:45 P.M. Melted down—First Lab, test for C and Mn 
5:48 P.M. No. 1 Slag test 
5:50 P.M. Add: Ferro-manganese—40 lb.: 80 per cent Mn 
5:55 P.M. Add: Wash metal—230 lb.: 3.50 per cent C 
5:58 P.M. Add Pulverized Carbon—10 lb. Low voltage 
6:00 P.M. Report First test C 0.J2 per cent, Mn 0.13 per cent 
6:05 P.M. Add Fluorspar 25 lb. 
Add Pulverized Carbon 10 lb. 
6:13 P.M. No. 2 Slag test—faint acetylene odor 
6:15 P.M. Second Lab. test for C and Mn 
6:15 P.M. Pulverized Carbon 5 lb. 
6:20 P.M. No. 3 Slag test—strong odor of acetylene 
6:25 P.M. Pulverized carbon 5 Ib. 
6:25 P.M. Temperature test—intermediate voltage 
6:27 P.M. Slag crumbles to white powder 
6:30 P.M. Report 2nd test C 0.20 per cent, Mn 0.45 per cent 
6:30 P.M. Add wash metal 90 lb. 3.50 per cent C 
6:35 P.M. Add Ferro-manganese 11 lb. 80 per cent Mn 
Add Ferro-silicon 60 lb. 50 per cent Si 

6:40 P.M. Stir bath; temperature test 
6:42 P.M. No. 4 Slag test 
6:43 P.M. Tapped 


Ladle analysis C 0.25 per cent, Mn 0.62 per cent, Si 0.30 per cent, 
P 0.035 per cent, S 0.020 per cent 


* The corresponding slag analyses for the single slag heat are given in Table 9. 
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ay come directly from the open-hearth or it may consist of the 
d of an open-hearth heat, such as, for example, a casting floor 
ing poured off and the metal remaining in the ladle transferred 
the basie electric furnace. The open-hearth slag as well as the 
etal is charged. 


75. The current is turned on, the molten charge heated, and 
the slag worked to the proper consistency and volume comparable 
to that of an oxidizing slag. The slag may contain a higher FeO 
content than is normal in most basic electric oxidizing slags, but 
this is because of the high iron oxide content that is carried by an 
open-hearth slag. One operator using the hot metal process re- 
ported an FeO content of 40.76 per cent present in the oxidizing 


} 
Siag. 


76. Time is allowed for phosphorus reduction before the 
oxidizing slag is removed. Steel as produced in the basie open- 
hearth will normally contain phosphorus in amounts between 0.015 
and 0.025 per cent. These values may be further reduced in the 
oxidizing period of the basic electric furnace. 


77. Following the slagging off operation the heat proceeds 
in the same manner as recorded in the double slag process. 


78. The hot metal process may be successfully carried on in 
a shop. having several open-hearth furnaces wherein open-hearth 
metal is supplied to an electric furnace to produce a small tonnage 
of high-grade steel, which may be tapped at a high temperature 
for the production of small castings. 


ALUMINA SLAG MODIFICATION OF THE DOUBLE SLAG PROCESS 


79. A modification of the double slag process has been devised, 
wherein aluminum is used in place of carbon to obtain a reducing 
slag. This type of slag finds its greatest application in stainless 
steel or other alloys where it is desired to maintain the carbon con- 
tent in the metal at a low figure. The method has equal applica- 
tion to carbon steels and low alloy steels. 


80. The melting and oxidizing stages are similar to those 
used in the double slag or single slag practice. A furnace record 
using aluminum additions to the refining slag is given in Table 9. 

81. There are certain unusual features exhibited by this prac- 
tice, one of which is the addition of ferro-silicon before the first 
slag is removed. The reason for this was not determined. From the 
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standpoint of phosphorus removal it would seem to be better to add 
it after the slag had been removed. The large amount of ferro- 
silicon and ferro-manganese added during this period was for the 
purpose of killing the bath. The refining is then carried out on 


killed hath 


82. Lime should be mixed with the aluminum so that it may 
be spread more evenly over the bath and to prevent the slag from 
becoming too fluid. Analyses of the metal have shown that there 
is no aluminum pick-up. The steel foundry using this slag regularly 
states that the metal can be shanked if necessary. 


83. <A study of the alumina slag process on a semi-commer- 
cial scale in a 500 lb. per hr. rated capacity furnace produced the 
slags shown in Table 11 on a carbon steel heat. The elapsed time 
between the placing of the refining slag and the taking of the slag 
sample is recorded. 

84 It has been suggested that the alumina slag proved an 
excellent type of slag to carry on stainless and corrosion resistant 
steel. The furnace chart for a stainless steel heat wherein the 


alumina slag is used, is reproduced in Table 12. 


ALLOY STEEL PRODUCTION 


SD There is very little difference in the process between ear 


bon steel practice and low alloy content steels. In the case of nickel, 


Table 9 


SLAG ANALYSES FOR SINGLE SLAG HEAT oF TABLE 8 


Oxidizing 
. Refining Slags——— 
No. 1 No. 2 No. 3 No. 4 
5:48 P.M. 6:13 P.M. 6:20 P.M. 6:42 P.M. 

Oa cto 51.20 46.09 49.61 53.55 
"Sere 0 7.39 4.46 3.40 
rs 0.32 0.41 0.44 0.52 
| 0.09 3.13 4.62 2.88 
| eee 14.85 3.02 1.02 0.56 
ME adlte.s & ode wen 5.52 3.53 1.31 0.61 
SS ee 2.94 2.89 3.00 2.82 
a 7.76 8.40 8.62 9.09 
ae 0.57 0.16 0.06 0.02 
aS 0.47 0.33 0.16 0.07 
ke iy 15.39 25.86 26.35 26.60 


ee Black Brown Gray White 
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ypper or molybdenum steels, a large portion of the nickel, copper 
| the calcium-molybdenum is charged with the scrap. Melting is 
arried on as rapidly as possible and from time to time, lime or 
mestone is added to make up the slag to the proper consistency. 
If iron ore is needed, it is added at the time that the serap is com- 
tely melted. As soon as the boiling action from the ore has 
hsided, the oxidizing slag is removed. The usual refining slag is 
“4 on the bath and reducing conditions are maintained. Alloys 

h as chromium and manganese are not added until a carbide 
slag is obtained. In ease of large additions of alloys, care should 
he taken not to add too much at one time as the bath will be 
‘hilled and extra time will be required for melting. After addi 
tions ot alloys the bath should be thoroughly stirred before samples 


re taken for analyses, 


s6. Stainless steel is seldom made under a carbide slag and 
he alumina slag is not used, then pulverized ferro-silicon is added 
the slaw to bring about reducing conditions. lf stainless steel 


‘rap is melted, only the single slag process is used. 


87. High manganese steel (12 to 14 per cent) is always pro- 
duced in the basic electric furnace. The furnace bottom is composed 

magnesite that is sintered in place. Only the single slag process 
s used in the production of 12 to 14 per cent manganese steel. A 
lefinite melting procedure based mainly on the power input is 
followed for all heats. The melting time will average about 60 per 
cent of the total time for producing a heat. Lime is added to the 


bath during the melting period. 


88. After melting, the bath will contain approximately 0.90 
to 1.00 per cent carbon, 11 per vent manganese and 0.30 per cent 
silicon. The slag at melt-down will consist of approximately: CaO 
20 per cent, SiO, 20 per cent, FeO 3 per cent, and MnO 10 to 15 
per cent, if a good basic slag is maintained. In some cases very 
little lime is added to the bath during the melt-down period. In 
this ease, a slag is obtained approximately as follows: CaO 10 per 
cent, SiO, 30 per cent, FeO 3 per cent, and MnO 40 per cent. 

89. As soon as melting is complete the slag is deoxidized 
with pulverized coke. Spar is generally used for shaping the slag 
to the proper consistency if it is too viscous. A strong carbide slag 
is not often desired. One manufacturer says, ‘‘We go right up to 
without obtaining it. We try to avoid it.’’ A typical 
finishing slag under the above processing is as follows: CaO 58.66 


a carbide slag 
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per cent, SiO», 24.01 per cent, FeO 0.42 per cent, MnO 1.01 per cent, 
Ferro-silicon is used as a degasifier. 


90. In another method of making high manganese stee| 
neither carbonaceous material or pulverized ferro-silicon is used 
to deoxidize the slag. The reason for this is that it is claimed that 
the amount of manganese recovered by using such a practice wi! 

not pay for the time or material used. Also, the mechanical prop. 
erties do not appear to be improved by the reduction process. A 
finishing slag under such a practice would consist of 12 per cent 
CaO, 30 per cent SiO,, 30 per cent MnO, 20 per cent MgO and 2 
per cent Al,O3. Metal produced under a slag of this type can be 
shanked all over the shop. 


Table 10 


F'URNACE REcorp DouBLE SLAG HEAT—ALUMINA SLAG MOpIFICATION 


Analysis desired: C 0.30 to 0.85 per cent, Mn 0.55 to 0.65 per cent, 
Si 0.80 to 0.40 per cent, P and S less than 0.03 per cent 
Charge: Molybdenum Foundry Scrap...... 9,000 lb. 50 per cent Mo 
SE oe ere rer 7,000 lb. 
Calcium Molybdenum............. 84 lb. 40 per cent M 
DOE fob acces oud aaron eens ac 400 lb. 
: 1:00 P.M. Current on 
2:00 P.M. Lime 200 lb. added 
2:45 P.M. Iron ore added 150 lb. 
; 2:50 P.M. Heat melted 
2:55 P.M. Lab. test for carbon—Reported C 0.15 per cent 
3:15 P.M. Lab. test for Ni and Mo—Reported Ni 0.15 per cent, 
Mo 0.56 per cent 
3:30 P.M. Addition—FeSi 40 lb. Si 50 per cent 
3:35 P.M. Slag off 
3:38 P.M. To open bath add FeMn 40 lb. Mn 80 per cent 
FeSi 40 lb.; 12 Ib. coal 
3:40 P.M. Slag materials mixed and added 
400 lb. Lime, 75 lb. fluorspar 
20 lb. ground coke 
3:45-4:25 Added 200 lb. of lime and 60 lb. of aluminum shav- 
ings added 
3:55 P.M. Lab. test for C and Mn—Reported C 0.21 per cent, 





Mn 0.38 per cent 


3:55 P.M. Slag Test No. 1 

4:10 P.M. Add 24 lb. FeMn and 275 lb. pig iron 
4:15 P.M. Add 53 Ib. FeSi (50 per cent Si) 
4:25 P.M. Add 20 lb. FeTi (40 per cent Ti) 
4:30 P.M. Slag Test No. 2 

4:35 P.M. Tapped. 





| 


Ladle Analysis: C 0.32 per cent, Mn 0.57 per cent, Si 0.387 per cent, 
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Table 10 Continued 


P 0.024 per cent, S 0.017 per cent, Mo 0.60 per cent, Ni 0.16 per cent 


Mechanical Properties: 


Annealed at 1650 
Tensile Strength .. 
Yield Strength .... 
Reduction of Area . 
Elongation........ 
eG se inating ne 


Ps 

rer 77,750 lb. per sq. in. 
ar bai 15,750 lb. per sq. in. 
e oleteters 45 per cent 


SE reed 27.5 per cent 
120 degrees 


— Refining Slag — 


No. 1—$:55 P.M. No. 2—4:30 P.M. 


aise 55.70 46.44 

eT 9.06 4.86 

0.39 0.57 

1.66 0.22 

Pad 0.62 0.51 

0.77 0.34 

8.90 12.24 

ay 8.69 15.84 

ate 12.62 18.34 

saat _— 0.86 

. Green to White White 
Table 11 


ALUMINA SLAG ON 1100 LB. CARBON STEEL HEAT (REFINING SLAGS) 


—a ——E lapsed time*— — 
No. 1 No. 2 No. 8 No. 4 No. 5 
15 min. 25 min. 40 min, 60 min.t Ladlet* 

CaO ....45.83 50.61 57.87 59.53 54.50 
CaF, Tae 5.01 8.04 1.45 0.02 
CaS . 0.26 0.48 0.50 0.57 0.55 
CaC. . 0.11 1.73 0.73 0.29 0.19 
FeO ....10.70 0.93 1.07 0.93 1.27 
MnO .... 5.87 0.66 0.66 0.39 0.75 
Al,O, .. 1.84 14.43 12.32 11.58 10.92 
MgO ...10.26 8.98 8.84 9.03 10.74 
Cr,0, ... 0.88 0.03 0.03 0.02 0.01 
P.O, ... 0.45 0.10 0.10 0.07 0.03 
SiO, ee 14.08 13.30 14.20 18.86 
Total ...99.05 97.04 98.46 98.06 97.84 


*Time elapsed between addition of refining slag and the slag sample. 
75 min. before tapping, just prior to addition of Fe-Si, Fe-Mn, Fe-Ti. 
t* Slag taken from the ladle during pouring. 
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DEOXIDIZERS AND DEGASIFIERS USED IN THE Basic PRocEss 


91. Basic electric steel is degasified with ferro-silicon and 


ferro-manganese. These additions also deoxidize small amounts of 


FeO and MnO in the metal. These alloys are usually added from 


5 to 15 min. before tapping. In some eases, ferro-titanium is added 


to the bath about 5 min. before tapping. An amount of 0.05 per 


cent titanium constitutes the normal addition. Titanium appears 


to have excellent degasifying powers and is a stronger deoxidizer 


than manganese 


FURNACE 


or silicon, but not as strong as aluminum. 


Table 12 


Recorp 18—8 Cr-Nr1 HEAtT—ALUMINA SLAG 


Analysis desired: C 0.06 per cent, Mn 0.50 to 0.60 per cent, Si 


0.30 to 0.50 per 


than 


cent, Ni 8-9 per cent, Cr 17.5 to 18.5 per cent, S less 
0.025 per cent, P less than 0.025 per cent 


Charge: 2,000 lb. common scrap 


730 P.M. 
:00 P.M. 
7-45 P.M. 
715 P.M. 
:20 P.M. 
:35 P.M. 


So a 


750 P.M. 
5:55 P.M. 
5:55 P.M. 


na | 


5:10 P.M. 
3:20-7:15 
6:35 P.M. 
6:40 P.M. 


nA os 
oo SC 


2 


3:55 P.M. 
710 P.M. 
725 P.M. 


+e nS 
:30 P.M. 


~] -) 


Ladle analysis: C 


245 lb. nickel 
Current on high voltage 
Add lime 20 lb. 
Add lime 30 lb. 
Melt down low voltage 
Add iron ore 50 Ib. 
Stir bath—Lab. test for C. Carbon reported 0.03 
per cent 

Slag off 
Add FeSi 10 lb., 75 per cent Si 
Add Slag mix: 50 lb. lime 

5 lb. pulverized Silicon 

5 lb. fluorspar 
First test reported P 0.015 per cent, Ni 11.25 per cent 
Add lime 20 lb. 10 lb. aluminum 
Slag tests—White Slag test for Mn 
Add Ferro-chromium, 300 lb. 0.06 per cent C 70.5 

per cent Cr, 0.70 per cent Si 

Report on Mn 0.10 per cent 
Add Ferro-chromium 215 Ib. 
Add Fe-Mn 11 lb. 85 per cent Mn 
Add Fe-Si 21]b. 76 per cent Si 
Add Fe-Ti 41b. 40 per cent Ti 
Tapped 
0.06 per cent, Mn 0.55 per cent, Si 0.36 per cent, 





P 0.014 per cent, S 0.014 per cent, Ni 8.21 per cent, Cr 17.90 per cent 


Tapping slag: CaO 59.09 per cent, CaF, 2.05 per cent, CaS 0.41 per cent, 
CaC, 0.09 per cent, FeO 0.62 per cent, MnO 0.26 per cent, Al,Oz 19.54 
per cent, MgO 5.12 per cent, Cr,O, 0.41 per cent, P.O; 0.03 per cent, 


SiO, 11.21 per cent, TiO, 0.76 
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Table 13 
ERTIES OBTAINED ON Cast Test Coupon ANNEALED AT 1650°F. 


Per Cent— 


Chemical Analyses Physical Properties 
C 0.27 Tensile Strength ..... 75,000 lb. per sq. in. 
Mn 0.63 i ree 48,000 lb. per sq. in. 
Si 0.29 HOBMBUON oo o6icccces 28 per cent 
P 0.02 Reduction of area ....46 per cent 
S 0.02 


92. Aluminum is used in some eases as a final deoxidizer 

th the addition being made to the ladle. Low ductility troubles 

rising from aluminum additions are not encountered when critical 

mounts of one pound per ton are added. This is due probably 

to the fact that the sulphur content in the basic process is usually 

0.02 per cent or below, which amount is not sufficient to form an 
extensive network of sulphide inclusions. 


MECHANICAL PROPERTIES 


93. Steel of excellent mechanical proverties can be obtained 
by the use of the basie electric process of steel making. The prop- 
erties illustrated in Table 13 are typical of those obtained on 
separately cast test coupons, annealed at 1650°F. 


REACTIONS IN THE Basic EvLectric PROcEss 
Reactions of Oxidation 


94. When steel is melted in the basic electric furnace, it is 
subjected to certain chemical reactions that are primarily oxidizing. 
These reactions may be considered to take place in three distinct 
steps: (1) the oxidation and elimination of silicon and manganese ; 

) 


2) the oxidation and elimination of phosphorus; and (3) the 
oxidation and hence, the elimination of carbon. 


95. The silicon and manganese in the charge are oxidized 
by iron oxide, which is introduced with the scrap as rust or scale, 
or by additions of iron ore during the melting period. The oxida- 
tion proceeds according to the following reactions: 

2 FeO + Si—Si0, + 2 Fe 
FeO +Mn-—- MnO + Fe 


96. The rate at which reactions proceed would indicate that 
all of the silicon should be oxidized before the manganese reaction 
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may take place. In commercial practice, however, this does not 
hold true since the manganese is oxidized nearly as rapidly as 
silicon. It however, does not attain the low figure that is usually 
recorded by silicon. Silicon will be oxidized to residual values of 
0.04 per cent or less, whereas it is increasingly difficult to bring 
the residual manganese content below 0.10 per cent. 


97. During the process of silicon and manganese oxidation, 
$ ; ‘ ‘ ‘ : ‘ rats ‘ 
' the SiO, combines with FeO to form a ferrous silicate which reacts 


with the lime slag to form a more stable calcium silicate, thus 


freeing the FeO which migrates into the molten bath and is thus 
available for the oxidation of other metalloids. The MnO also com- 
bines with SiO, forming a manganese silicate which is much more 


stable than ferrous silicate and hence, is retained as such in the 


1 slag. 


; 
i) 98. It should be added that if vanadium or chromium are 

' present in the charge, these elements will likewise be oxidized. 
These elements are oxidized concurrently with manganese and silicon. 
Chromium, on the other hand, reacts somewhat like manganese in 
that although rapid oxidation is recorded at first, it becomes in- 
creasingly harder to oxidize it as the residual percentage becomes 


less. 


99. The oxidition and removal of phosphorus from the bath 
apparently depend on three variables: (1) an excess of oxygen; 
(2) a very basie slag; and (3) a low temperature. According to 
Sisco”, the elimination proceeds by the formation of phosphoric 
acid, ferrous phosphate and finally as calcium phostate, in the 
following manner: 

5 FeO + 2 FesP ~ P,O; +11 Fe 
3 FeO + P,O; — (FeO)3 + (P,0;) 
(FeO); (P05) + 3 CaO — (CaO); (P,0;) +3 FeO 


naam wpereparnereenewee trey 


100. The phosphoric acid is, of course, very active and imme- 
diately upon forming it will react with iron oxide, which is always 
present in the oxidizing slag in large amounts, and form ferrous 
phosphate. Calcium oxide is a much stronger base than ferrous oxide 
and hence, CaO replaces the FeO to form calcium phosphate which 
is relatively stable in a very basic slag. Experimentation has shown, 
however, that although calcium phosphate is a stable compound, 
calcium silicate is more stable. Thus, so long as there is either 





2Sisco F. T., Trans. Faraday Society, No. 62, vol. 21, part 2, Dec. 1925. 
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silicon in the metal or uncombined silica in the slag, it will react 
with the calcium phosphate, setting free phosphorie acid and ex- 
nosing it to possible reduction to iron phosphide. It thus becomes 
apparent that if phosphorus is to be eliminated, the slag must 
contain an excess of bases in order that all silica may be combined 
as calcium silicates, so that the stable calcium phosphate may be 
formed. 

101. It is generally conceded that the oxidation of phosphorus 
proceeds more efficiently at low temperature, since at the higher 


temperature carbon oxidizes in preference to the phosphorus. 


102. The oxidation of carbon takes place according to the 

following reaction : 
FeO + Fe,;C — 4 Fe + CO 

The amount of carbon that is eliminated depends entirely upon the 
amount of iron oxide in the charge. Silicon and nearly all the 
manganese and phosphorus are oxidized before the oxidation of the 
‘arbon becomes active. If only a small percentage of iron oxide 
remains, the carbon oxidation will be low and the carbon content 
in the bath will be in the neighborhood of 0.20 per cent. This 
is true when steel is being produced for steel castings, since the 
original carbon content of the scrap will seldom average over 0.35 
per cent carbon when melting with restricted oxidation. 


103. High iron oxide content results in complete oxidation of 
the earbon, thus resulting in the production of a low carbon steel. 
While this is a disadvantage from the standpoint that the bath 
becomes practically saturated with FeO, thus requiring thorough 
refining, it is a practice which produces the highest mechanical 


properties. 


104. It has previously been stated that there is a small amount 
of desulphurization in the oxidation period. Authorities differ as 
to the reactions that take place. Apparently the sulphur in the 
form of manganese sulphide reaches the slag where it is converted 
into caleium sulphide. 


THe REACTIONS OF DEOXIDATION 


105. The general reaction of deoxidation is: 
3 FeO + CaC, > Ca0 +2 CO +3 Fe 
If aluminum is used, the reaction is: 
3 FeO + 2 Al— Al,O; + 3 Fe 
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ICE 


106. Manganese oxide is likewise reduced according to similar 
reactions. The speed with which these reactions take place depends 
upon the rapidity with which the dissolved oxides in the bath reach 
the slag-metal interface. They also depend upon the amount of 
oxides that are present in the slag. The oxides in the slag soo 
reach a low figure after the reducing element is added to the slag 
Since there is an equilibrium which exists between the ferrous and 
manganese oxides in the bath and in the metal, there is a migration 
of FeO and MnO from the metal to the slag in order to restore the 
equilibrium. A typical curve of iron oxide elimination from the 
bath under the reducing slag of the basic electric furnace of 6 ton 
sapacity has been prepared by Herasymenko and Valenta® and is 
shown in Fig. 1. 

















/2 
O9 |_ i — 
» ‘2 O 
z Fé 
Wi 
S06 = 1 = 4 | 
& 
ww 
~X 
03 a i = 
| 
™ 
O | | | | J 
O KO 40 60 80 /00 
Minutes 
Fic. 1—IrRon Oxipe EximinatTion rn Basic Evecrric Heat Durinc REFINING Periop 
0.18 Per Cent CARBON STEEL, 





107. This figure refers to a 0.18 per cent carbon steel which 
did not require recarburization before the reducing slag was formed 


1 





The diagram shows that the amount of iron oxide in the meta 
decreases rapidly at first. Towards the end of the heat, the rate of 
iron oxide elimination becomes slower. This is because the rate otf 
diffusion depends on the concentration gradient between the slag 
and the metal equilibrium and the rate of iron oxide elimination 
will be faster as the total concentration of iron oxide in the bath is 








increased. 





108. The minimum content of iron oxide which can be ob- 
4 tained in basic electric steel under good reducing slag is approx!- 
. mately 0.020 per cent. This value is considerably lower than the 
i amount of dissolved iron oxide in acid steel and thus basic electric 
} steel is usually much cleaner. 





3’ Herasymenko P., and Valenta E., Trans. American Foundrymen’s Association 
vol., 48, 1934. pp. 21-47 
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REACTIONS IN DESULPHURIZATION 


109. ‘There appear to be several factors affecting the removal 
sulphur. In order to obtain maximum sulphur elimination, (1) 
slag must be highly basic, (2) a reducing slag must be present, 

the slag must be fluid and hot, and (4) the slag should con- 

additions of fluorspar. 


110. The principal desulphurizing reactions appear to be: 
2 Ca0 +3 MnS+ CaC.>3 CaS+ 2 CO+3 Mn 


2 CaF, + 2 Mn + Si—-2 CaS + SiF, + 2 Mn 


111. A good refining slag will meet the above requirements 

* maximum sulphur elimination. Fluorspar is of great assistance 
removing sulphur. By increasing the fluidity of the slag and 
thereby inereasing its activity, it speeds up the reactions taking 
ice; it also permits very basic slags to be employed which would 
otherwise be too viscous to be worked. Thus, fluorspar favors the 
removal of sulphur from the metal into the slag. It is also directly 
effective in removing sulphur by combining with it, forming a 
volatile sulphur-fluorine compound which passes out of the furnace. 


FINAL DEOXIDATION AND DEGASIFICATION 


112. Calcium carbide, although an efficient deoxidizing agent, 
does not cause degasification. The reason for this, as stated by 
Sisco”, ‘‘may be found in the fact that carbon monoxide gas is 
somewhat soluble in the molten bath and as there is no migration 
of the dissolved gas from bath to slag, as is the ease with dissolved 
ferrous and manganese oxide, the calcium carbide in the slag has 
no opportunity to react with it.’’ Consequently, ferro-silicon and 
ferro-manganese are added to the bath to degasify it. 

113. Besides CO, there are usually smal! amounts of hydrogen 
and nitrogen present which are also removed in part—probably by 
a mechanical action rather than by any chemical combination. 

114. If there is further manganese oxide or ferrous oxide 


present in the metal after the refining period, the manganese and 
silicon additions will reduce them to their respective metals. 


SUMMARY 


115. The basic electric furnace practice as used in the manu- 
facture of steel castings was described and the following subjects 
were discussed in detail : 
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] Furnace linings and materials. 
2 Charging and melting. 

Double slag practice (cold scrap 
} Single slag practice cold scrap). 
9) Hot metal charge practice. 


6 Alumina slag method. 

Manufacture of carbon and alloy steels by the basi 
process. 

8 Deoxidation and Degasification. 


9 Reactions of oxidation and reduction. 
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Steel Melting Symposium—VI 


. e . 
Acid Electric Furnace Practice 
By WERNER FINSTER,* READING, Pa. 
Abstract 
Acid electric furnace practice is discussed. The con- 
struction of a typical furnace, selection of raw materials, 
nelting practice, slag practice, silicon reduction, deoxi- 
dizer use, operating data and quality of acid electric 
steel are described. Results of using reaction ratio equa- 
are given im graphic form. 


INTRODUCTION 
. Of the some 265 foundries in the United States, which in 
1937 were engaged in the manufacture of steel castings, 175 used 
lectrie melting process for part or, in most cases, for the total 
their production. Data compiled by the Steel Founders’ Society 
f America! list 264 electric furnaces of the direct are type and 18 
duction furnaces in the steel casting industry. 

2. Considering that the development and application of the 
electric melting process falls only in the beginning of our present 
century its advancement is remarkable. Its rapid growth in the 
steel casting industry is largely due to the flexibility which it offers 
and which suits the needs of an industry whose products often have 
to meet specifications of various chemical and physical requirements 
in small tonnage quantities. It is therefore not surprising that the 
electric melting process prevails in those foundries whose monthly 
production of castings is 750 tons or less. 

3. Fig. 1 shows distribution of electric furnace installations 
ased on their rated capacities; nearly 50 per cent of all furnaces 
ire of the 114 and 3 ton size. 

4. Most of the are furnaces in this country are of the three 
phase, alternating-current type, equipped with automatic electrode 
control and ean be tilted. There are several designs on the market, 


Og 


ach with special features, too numerous to cover in this paper. 


0. The majority of the are furnaces for steel foundry use 
are acid lined. While the acid process permits no control over 
sulphur and phosphorus and therefore demands raw materials low 
in these two elements, there is a sufficient supply of basic scrap in 





* Metallurgist, Reading Steel Casting Division American Chain & Cable Co. 
‘Directory of Steel Foundries, 1937. 


Nore: This paper was presented at the steel session during the 43rd Annual Amer- 
can Foundrymen’s Association Convention held in Cincinnati, 0., May 15-18. 
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Fic, 1 GRAPH SHOWING DISTRIBUTION OF ELECTRIC FURNACE INSTALLATIONS BASED ON THEIi 
RATED CAPACITIES, 


most localities available to make this no serious handicap, even at 
a price extra. Reasons for the preference of the acid process in the 


P foundry are: 





(a) Lower refractory cost due to lower cost of the lining 
material itself and to the longer life of the lining 
material. 


Lower power consumption, especially when compared 
with a two slag basic process. 
(ec) Greater tonnage output per unit time for a given charge 


(d) Slag of higher viscosity, which is an important con- 
sideration as in many foundries making small castings 
the molds have to be poured from hand shanks. 





Greater fluidity of the metal, permitting the casting ol 
thinner sections with greater assurance of having al! 
corners and details clearly reproduced. 

In deseribing acid electric melting practice, an attempt will be 
made to cover the subject in a general rather than a specific way 
and to point out known variations in melting methods. 


ce lt A Ne ee 
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6. Where definite data are given, they refer to the practice 
in use at the foundry with which the writer is connected. The 
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wee used is a 3-ton Moore Lectromelt with lifting and swing 
oof and a standard charge of 8000 Ib. 
FURNACE 


7. Bottom: The so-called lifetime bottom often consists of 


layers of brick, either clay or silica, on which the bottom is 





mmed or sintered. Either silica sand or gannister is used as base 
bottom material and great variations in mixtures exist. Fire 
pitch, glutrin or molasses water are mixed with the base 
iterial, thoroughly mulled in the sand muller and where ram- 
ng is applied, rammed into place with a foundry air rammer. 
Preference appears to be for rammed-in bottoms. 


8. Side Walls: Side walls are either built of silica brick or 

» rammed in, using the same mixtures as for the bottom. When 

e side walls are built of brick and built up from the lifetime 

bottom, the rammed or sintered in bottom is brought up above the 
slag line of the side walls. 


9. Roof: Siliea brick is used for the roof in most cases, either 
n form of standard bricks or special shapes. Monolithic roof 
inings have been tried recently on some furnaces and apparently 
have shown promise, at least on small sized furnaces. During 
periods of greatly curtailed operations and intermittent melting 
schedules, clay roofs have been advantageous. For best perform- 
ance of clay roofs, it is advisable to raise the roof several inches 
to compensate for the lower refractoriness. 


10. Door Linings: For the lining of doors, as they have to 
stand great thermal shock, either monolithic or clay linings are 
preferable. 

Refractory Life 

11. The life of a lining and roof may vary within wide 
limits as it depends on many factors. Foremost of all is the care 
used in their installation and maintenance. Operating conditions 
have a great bearing, intermittent operations shortening the life. 
Another factor is the size of charge used. Most electric furnaces 
are charged above their rated capacity which means either carry- 
ing a thinner lining or bringing the bath level closer to the roof, 
unless the latter has been raised. 


12. When charging 5 tons per heat our average on five linings 
and roofs was 900 tons per roof and lining, whereas charging 
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life of the roof increased to 1000 tons per r 


t tons per heat the 


and for the lining to 1200 tons. 


13. Overcharging the furnace has not only a bearing on the 
life of the lining, but also may influence the quality of the stee 
The results of John H. Hruska’s investigation? on the reaction 
ratio —the quotient of the bath area and the weight of metal- 
for different types of melting processes are shown in Fig, 2. 

14. For our 3 ton furnace, carrying 13 in. side walls and a 
12 in. gannister base bottom rammed on top of the two layer clay 
brick lifetime bottom with the rammed mixture feathering off 
above the slag line, the inside diameter at the slag line is about 
77 in. giving an area of 4653.5 sq. in. Using Hruska’s formula 


Bath area in square inches (A) 





Reaction Ratio grap pernninmnemnins saree 
Weight of metal in pounds (Wt.) 


the reaction ratio for a 6000 lb. charge or rated capacity is 0.776, 
for an 8000 lb. charge 0.582 and for a 10,000 lb. charge 0.465. A 
decrease in reaction ratio should be compensated by increasing the 
intensity of the boil, or prolonging the boil. However, there are 
practical limitations to the extent to which this compensation can 
be carried. We have had occasion to charge as high as 14,000 lb 


7 Hruska, J. H., “Mass Effect and Quality in Steel Making,” Iron Age, April 12. 
1984, p. 14. 
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‘into this furnace to pour large non-specification castings and the 


quality of the steel from these heats certainly showed the effect of 
the low reaction ratio. 


Eli ctrodeé Ss 


15. Both carbon and graphite electrodes are used. The choice 
has been a question among operators for years and apparently still 
is, and, from what information the writer could gain, the ratio is 
about 50:50. Consumption per ton charged varies anywhere be- 
tween 10 to 22 lb. for carbon electrodes and 5 to 15 lb. for graphite 
electrodes and is greatly influenced by the rate of production, type 
of steel made, and such special melting practices as raising the 
earbon content of the bath for higher carbon analysis specifications 
by dipping the electrodes. Using a 10 in. carbon electrode our 


average for the last 2 yr. ran about 11 lb. per ton charged. 


Power Input 


16. Most furnace installations have transformers with a num- 
ber of taps for decreasing are voltage. Generally two taps are used, 


a high tap for melting down and a low tap for the refining opera- - 


tion, though some installations have also an intermediate tap 
available. 


SELECTION OF Raw MATERIALS 


17. In the selection of raw materials, price, local conditions 
in regard to easy access to certain types of scrap, chemical and 
physical balancing of charge make-up and charging facilities are 
the deciding factors. Depending on the type and size of castings 
made in a given foundry, the base of the charge may be from 
30 to 50 per cent foundry returns, heads, gates and risers. This 
does not imply that higher percentages of foundry returns cannot 
be used. Charges of 100 per cent foundry scrap have been melted 
successfully provided due consideration was given to the higher 
silicon content of the charge in working the heat. Punchings, 
forgings, plate, stampings, turnings, bundles and railroad scrap 
may make up the balance of the charge. Most foundries today 
analyze all their incoming raw materials and with the increasingly 
more rigid requirements in regard to limitations on incidental 
alloys, especially for welding grade castings, proper selection of 
raw materials has gained weight. This applies particularly to the 
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electric steel foundries, many of which furnish regularly fron, 
5 to 15 types of standard alloy steels. 


18. Separation of alloy heads and gates from carbon stee 
returns is not only profitable but essential. Uniess the melting 
department knows the approximate composition of its charge, uni- 
form results can hardly be expected, especially when, as in most 
acid electric steel foundries, the melter has to judge the carbo 
content of his preliminary tests by the grain of the fracture. In 
our foundry all alloy heads and gates and castings are painted 
according to a color scheme which while it does not take care of 
all alloy combinations, at least indicates the alloy groups. This 
set-up helps not only the melting department, but also facilitates 
the proper handling of alloy steel castings through the various 
finishing operations. 


19. In the charging operation itself care must be taken that 
the charge is dense enough to maintain the are when the power 
is turned on, that the hearth underneath the electrodes is wel! 
covered and that heavy scrap is not placed on top of the charge, 
to avoid breakage of the electrodes. The great advantage of a top 
charge operation is, aside from the saving in charging time and 
labor, that the charge can be made up in a drop bottom charging 
bucket in a predetermined manner and placed in the furnace 
accordingly. 


MELTING PRACTICE 


20. In its fundamentals acid electric furnace practice does 
not differ from the other processes of steel making covered in this 
symposium. Sims has dealt with the fundamentals in an excellent 
contribution before this association in the 1934 ‘‘Symposium on 
Porosity’’’ and Batty has given a clear cut and concise description 
in his paper ‘‘The Making of Acid Electric Steel for Castings.’”* 
All that will be attempted in this paper is to emphasize some of 
the special problems encountered in acid electric furnace practice. 


21. As in other cold-melting processes we have three distinct 
periods to consider, (1) melt down, (2) refining and (3) finishing 
of the heat. 


22. During the melt down partial oxidation of the charge 
occurs. The basic oxides, MnO and FeO, form with the oxidized 


% Sims, C. E., “Preparation of Steel to Avoid Porosity in Castings,” Transactions 
A.F.A., vol. 42, 1934, pp. 828-338. 


* Metals Handbook, A.S.M., 1936 Edition, pp. 636-641. 
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from the charge and the sand adherent to the foundry re- 
; a highly oxidizing slag. If insufficient silica is available from 
harge itself the lining will be attacked. Any delays during 
elt down period, such as breakage of electrodes, bridging of 
ve or putting on of new electrodes, will increase the amount 
xidation and tend to have the charge melt down ‘‘soft.’’ The 
» will be noted on a cold furnace, also if the material in the 
: rge is thin and bulky or the scrap very rusty. 


Refining 

23. As soon as the charge is melted and under a slag cover 
» refining period begins. Our knowledge as to what constitutes 
efining has been greatly enlarged by the results of many extensive 
vestigations published in recent years. Dealing with an expen- 
sive fuel and having a fast heat input at one’s command, the 
ul temptation to melt down, bring the bath to pouring temperature, 
leoxidize and tap is ever present, and the quality of many heats 
has been sacrificed in the attempt to increase the tonnage output 

per time unit. 

24. The importance of the boil in regard to gases other than 

xygen, the influence of temperature on the solubility of these 
° gases and the interrelationship of oxide content of slag to oxide 
. content of the bath are better understood today and the knowledge 
gained has been widely applied in acid electric steel foundry 
practice. 

25. Refining practices used today can be roughly divided 
into two groups. In discussing the two practices it is assumed that 
i regular carbon steel of Grade B type is being made. 

26. In the first group the charge is melted in at 0.30 carbon 
or higher. Sufficient iron ore or mill seale is then added to boil 
‘ the heat to a point low enough in carbon so that when the final 
additions are made, the heat will finish within the desired carbon 
range. In this practice the boil is often first stopped by additions 
of ferromanganese, ferrosilicon, silicomanganese, either single or 
in combinations, before the final additions of manganese and sili- 


—" 


con are made, or the deoxidizers are added as soon as the desired 
‘arbon has been reached. 

> 27. In the other group generally the charge is melted in 
lower, around 0.20 to 0.25 earbon, though as high as 0.40 carbon 
: has been reported, and sufficient ore added to carry the carbon 


elimination to around 0.10 carbon or even lower. Due to the high 
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FeO content of the bath at this low carbon content, the bath is they 
partially deoxidized and recarburized by either low silicon pig iron 
or wash metal and then finished by making the final ferroman. 
ganese and ferrosilicon additions. 


Heat Input 


28. Before pointing out the advantages of each practice one 
assumption has to be made and this is that both groups are regu- 
lating their heat input in such manner that a low residual silicon 
and manganese content has been obtained in their bath prior to 
the final additions. The importance of a low residual silicon and 
manganese content in the bath prior to deoxidation has been 
pointed out by Sims and Batty and has become recognized by 
many acid electric operators. Inasmuch as silicon and manganese 
can be oxidized at lower temperatures than carbon, their residual 
content can be low before the carbon boil takes place to any extent. 


29. Based on the above assumption, the advantage of the first 
melting practice is that it is cheaper. Less power input is needed 
and the electrode consumption will be lower, no reearburizer has 
to be used and the lining and roof life of the furnace will be 
longer. However, as the slag under this practice will be lower 
in FeO content, danger of silicon reduction toward the end of the 
heat increases. 


30. The advantage of the second practice is that due to the 
high FeO content of the bath at the end of the boil, the amount 
of gases other than oxygen will be much less than with the first 
practice and that by eliminating nearly all the silicon and most of 
the manganese a uniform base metal is obtained from which the 
final additions can be calculated more closely. Its disadvantage 
is the higher cost. 


31. It is realized than an attempt to classify existing melt- 
ing practices into two groups is a broad generalization when prob- 
ably no two plants in the country use identically the same practice. 
Variations not only exist in the analysis of the charge, at melt 
down and at end of boil, but also in the manner and amount of 
ore and mill scale additions, of adding the final additions to bath 
or ladle, of recarburizing and adding the silicon. One of the great- 
est variables exists in the heat input; are voltages used vary over 
a wide range though it appears to be generally accepted practice 
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to switch to lower voltage when the charge has been melted and 
the refining period begins. 

32. The heat input should be so regulated that the proper 
tapping temperature of the bath is reached prior to the addition 
of the final deoxidizers. Once the final additions have been made 
to the bath just sufficient time should be allowed for the deoxi- 
dizers to melt and diffuse throughout the bath. Rabbling the heat 
at this stage will speed up the reactions. Raising the temperature 
after deoxidation or even maintaining a moderate power input for 
a prolonged period of time tends to cause silicon reduction, espe- 
cially if the slag is viscous, 


Care in Tapping 
33. In tapping care should be taken to prevent the slag from 
entering the ladle with the metal. In our practice a 6 in. tap hole 
is used which together with the spout is rebuilt after each heat and 
carefully dried. In tapping the furnace is rolled over quickly to 
hold the slag back. Other means which are successfully used are 
either skimming spouts or insertion of a burlap bag into the tap 
hole which is only removed after the furnace has been tilted suffi- 
cientily to bring the slag level above the tap hole. 

34. In discussing the refining period low residual silicon and 
manganese in the bath and a prolonged boil and judicious power 
input have been stressed. Beyond this no other general recom- 
mendations as to which practice to follow can be made. The choice 
depends entirely on the preference and experience of the melting 
and metallurgical staffs at each plant, on the make-up of the charge 
and not to the least on the type of castings to be poured and the 
prevailing mold conditions. 


35. Temperature and fluidity of the metal are judged by 
spoon tests, timing the rate of film formation or by observing the 
behaviour of the metal when slowly poured from the spoon. Special 
fluidity test molds are used in some foundries. Progress in the 
refining process is also observed by the changes in the slag. 


SuaG PRACTICE 


36. In spite of the large number of acid electric furnaces in 
the steel casting industry few comparable data are available on 
the effect of various slag practices on the quality and economy of 
the respective steel making methods. This does not mean that the 
slag-metal interrelationship has been given little attention in acid 
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electric foundries, but is rather due to great variations in slag 
making practices and to a lack of standardized test methods 
evaluate the effect of varying slag compositions on the working 


+ 


the heat. 

37. Generally speaking acid electric steel making is a one 
slag process though some operators do skim off the melt down slag 
or pour part of the melt down slag off and proceed by building up 
a refining slag. Some operators let the furnace make its own slag. 
stating that by doing so the slag volume can be held to a minimum 
and that a higher manganese yield can be obtained from the 
final additions. Others add sand to protect the furnace refrac. 
tories from the attack by the basic oxides formed; others decrease 
the FeO content of the slag by lime or limestone additions; while 
others add old ladle slag with the charge to increase the MnO 
content of the slag in the early stages of the heat. With such 
variety of practice no average figures can be given. Melt down 
slags will run approximately FeO 35 to 40 per cent; MnO 10 to 15 
per cent; SiO». 50 to 55 per cent. Final slags in practices where 
no line is added will run FeO 15 to 20 per cent; MnO 15 to 25 
per cent; SiQe 57 to 62 per cent. Where lime is used the CaO 
content generally is held between 4 and 8 per cent and the FeO 
content of the final slag runs somewhat lower; around 13 to 15 
per cent. Considerable interest exists at present in certain districts 
of the country in regard to the influence of slag practice on the 
working of the heat and the resultant properties of the metal and 
as the investigation will be based on a common method of testing, 
comparable information should be gained. At present the inclined 
plane method and the pancake method are most commonly used. 


Smicon REDUCTION 


38. Reference has been made repeatedly to silicon reduction. 
Batty and Melmoth were the first to note the influence of an ‘‘over 
reduced’’ condition on the fluidity of steel. While silicon reduction 
is not confined to acid electric furnace practice and ean occur in 
acid open hearth practice as well,® the higher temperatures em- 
ployed in acid electric melting, the possibility of using more viscous 
slags at these high temperatures and the high concentration of heat 
input under the electrodes, all favor reduction of silicon from the 
slag. As Batty has pointed out, an addition of iron ore to the bath 
or slag will correct this condition, which has also been termed 


5 Herasymenko, P. and Valenta, E.. “Some Problems of the Physical Chemistry 0/ 
Steel Making,” Transactions A.F.A., Vol. 42, 1934, p. 80. 
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nder-oxidized.’’ This should be borne in mind when discussing 

, reduction from the slag. It is standard practice in some 
foundries to reduce all the silicon from the slag and not to add any 
silicon at all in form of ferrosilicon. This practice forms the sub- 
t of a round table discussion at our convention. The silicon re- 
tion referred to in this paper is only the unintentional reduction 

f silicon from the slag, especially after the final deoxidizers have 
»n added which can be best prevented by shutting off the power 
ntirely as soon as the final deoxidizers have been added to the bath 


? 
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SPECIAL DEOXIDIZERS 
39. Aside from the deoxidizers commonly used in all steel 
making processes, ie., ferromanganese, ferrosilicon or silicoman- 
vanese, special deoxidizers are generally used in acid electric prac- 
tice. To avoid misconceptions let me emphasize that this is not due 
to the acid electric process itself but to the condition under which 
it is used. As was pointed out in the beginning, preference for acid 
electric steel melting is given by those foundries whose monthly 
production is less than 750 tons, in most cases less than 300 tons 
per month. Many small and/or intricate castings are handled in 
these foundries, but few tonnage jobs. Green sand practice prevails 
in acid electric foundries. Casting many small jobs in a heat de- 
mands higher pouring temperatures and higher tapping tempera- 
tures. Most acid electric heats are tapped above 3000°F.. and many 

small castings are poured around 3000°F. 


40. Work of many investigators has shown that the solubility 
of gases increases with increasing temperatures. Sims® states: 
‘‘Although not offered as a positive conclusion, it seems logical to 
regard all ‘dead’ or ‘killed’ steels at their freezing point as con- 
taining gases in varying degrees of supersaturation. These gases 
under favorable conditions will be retained in solid solution but are 
potentially capable of causing porosity.’’ In pouring small green 
sand castings the high tapping and pouring temperatures, triple 
exposure of the deoxidized metal to reoxidation — while tapping 
from furnace into bull ladle, transferring from bull ladle into 
handshank and from handshank into mold—each transfer accom- 
panied by an increase in surface exposure, and thg mold conditions 
themselves all work against a favorable condition. It has been a 
problem that has taxed the ingenuity of all those connected with 
the production of castings under the described conditions and the 
success with which it has been solved is best demonstrated by the 
large tonnage of high quality castings produced. 
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11. A great variety of special deoxidizers have been tried and 
have been successfully used under certain conditions. Aluminum 
has been used more generally than any other special deoxidizer ; its 
effect is a subject in itself and has been covered often and to great 
length in the papers and discussions presented before the A.F.A. 
Thanks to the research work of Comstock, Sims and Lillieqvist and 
the recent work of Sims and Dahle, the mechanism of its action 
has been explained and many hundred heats have been made dur- 
ing the last year with uniform physical properties in foundries 
which prior to Sims and Dahle’s excellent work had experienced 
the erratic results often discussed. Whether the special deoxidizers 
are added to bath or ladle, great and continuous care should be 
exercised in the manner of adding, for only in this way can 
consistently good results be expected. 


OPERATING DATA 

12. From the foregoing description of acid electric furnace 
practice it ean be concluded that data on furnace operations will 
vary within wide limits. The size of melting unit, type and make 
up of charge, type of melting procedure adopted, specification re- 
quirements and mold conditions greatly influence the ton per hour 
production rate. Where local conditions are such that the energy 
input is subject to demand charges it often pays to prolong the 
melt down period. Therefore, no data can be given that would 
approximate average operating conditions for the industry, nor 
would such data be of much value in comparing the melting 
processes dealt with in this symposium. 


QUALITY OF AcID ELEcTRIC CAsT STEEL 

43. Many data have been published on the physical proper- 
ties of acid electric steel, all of which prove that, properly made, 
acid electric cast steel will exceed the requirements of existing 
specifications by good margins. The results of the research work 
which has been carried on in recent years on the fundamentals of 
steel making have been applied wherever possible. The aim is and 
has been to control furnace operations, to standardize practice and 
to turn out a uniform product. That we have progressed toward 
this goal cannot be denied and while gains in knowledge through 
research have been mentioned repeatedly, it should not be for- 
gotten that much of the progress is due to the alertness of the man 
at the furnace and his willingness to apply new ideas. 


(For discussion, see p. 344) 








DISCUSSION 


Chairman: T. N. ARMSTRONG, International Nickel Company, New 


Co-Chairman: JOHN HOWE HALL, Philadelphia, Pa. 


CHAIRMAN ARMSTRONG: This session is to be devoted to a Sym- 
sium on Steel Melting Practices. It will deal with practically all 
es of melting employed in production of steel castings, and the papers 

be presented in the following order: “Converter Practice” by 

FE. B. Skeates, “The Induction Furnace for Melting Carbon and Low 
Alloy Steels” by G. F. Landgraf, “Acid Open-Hearth Melting” by 
W. C. Harris, “Basic Open-Hearth Melting” by J. W. Porter, “Basic 
Electric Melting” by C. W. Briggs, and “Acid Electric Melting” by 


\ ‘ Finster. 


Before calling for discussion, I wish to commend the authors on the 

ality of their papers and thank them on behalf of the Society as they 

were requested by the Society to present these papers and have given 
time and effort in their preparation. 


Discussion on Converter Practice 

C. G. Lutts! (Written discussion): <A side blown 2-ton capacity 
onverter has been in use at the Navy Yard, Boston, for about 25 years 
and a complete record of chemical and physical properties of steel made 
in this converter is available in the laboratory. It is interesting to 
ompare this steel with steel made by other processes. In Table A are 
average physical properties for a group of 100 consecutive heats taken 
at random, These heats were class B steel intended for castings and 
were given a straight anneal at 1650°F., followed by cooling in the 


Turnace, 


From the above representative properties it cannot be concluded 
that converter steel is necessarily inferior to steels made by other proc- 
esses. On the contrary, an examination of data for steels made by 
various other processes, including the electric furnace process, will show 
many instances where the physical values are less than 70,000 lb. tensile 
strength, 30 per cent elongation, 50 per cent reduction. When an oxi- 
dizing practice is used, simulating that of the converter, best results 
are obtained. Converter steel is strongly oxidized and is heavily charged 
with iron oxide (FeO), at the completion of the blow and prior to the 


Table A 
Average for 100 Consecutive Converter Heats—Class B Steel 
Break Strength (lb. per sq. in.)............. 74,000 
Seem POS GO. BOP OB. Bede oo occ cccivsvege 48,250 
Elongation (per cent)........... aie 34.1 
teduction in area (per cent)..............4. 51.6 


+ Materials Engineer, Navy Yard, Boston 
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addition of deoxidizers. This condition appears to be conductive to a 
heightened quality in the steel. This condition is sought also by many 
melters using other processes when the steel is boiled and the carbon 
dropped to 0.10 per cent. 


Iron oxide (FeO) has been shown to exert a profound effect on the 
physical properties of steel by its influence on the shape of the inclu- 
sions. Globular inclusions are typical of steels fluxed with iron oxide. 
It has been shown that large quantities of globular inclusions are not 
i as detrimental as small quantities of the intergranular type inclusions. 


The control of a side blown converter and the production of a given 
: analyses is naturally more difficult than with the case of other processes 


/ of steel making. However, as indicated above, satisfactory results are 
i obtained and with a modicum of that technical research that has been 


given other processes, great advances could be effected. The process 
should not be condemned because of its great speed; rather criticism 


| 
on 
i 1 should be leveled against a condition which does not provide equally 
Th fast control methods. 
| 


The Navy Yard, Boston, has found that the question of refractory 
linings for converters is sometimes a difficult one to solve. The subject 
paper does not refer to this phase of converter maintenance. Rammed 
linings of siliceous mixtures have not been satisfactory. Silica brick, 
properly installed and carefully preheated to prevent excessive spalling 
may be expected te give 75 heats of steel and can, with continued patch- 
ing, give 300 heats of steel. 

















Mr. SKEATES: In reply to Mr. Lutts’ discussion I wish to say he 
certainly has kept a very good record of his chemical and physical prop- 
erties and I find that his results are almost identical to ours. In regard 
to refractory linings, we are using the Nos. 1 and 2 arch silica brick, 
9 in. straight silica brick for the bottom or furnace section with a silica 
brick tuyere. For the top or upper section we use a mica-schist and 
fire clay mixture, rammed up around a form. We are able to get be- 
tween 60 and 65 blows from a lining; we then tear out the outer section 
and reline. We get close to 500 heats before we reline down to the 
shell. 


A. H. JAMESON:* Sulphur pickup used to be a very important subject 
and our great worry, but after desulphurizing of the iron was developed 
for the converter, we went along very readily meeting specifications, 
when converter steel was permitted in the specifications. I think some 
pickup might be allowable. I do not know anyone that has not exceeded 
the specification limits with the sulphur. 













MEMBER: What is Mr. Skeates’ experience with the converter and of 
silicon? Has he noticed any difference in the castings where there is a 
pickup of silicon? 













Mr. SKEATES: Of course, we derive our heat from the silicon in 
the iron and the first element which starts to remove from the bath !s 


2 Malleable Iron Fittings Co., Branford, Conn. 
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n. I have never had any experience with pickup of silicon. We 
nerally start with around 2.02 per cent silicon before passing through 

converter and after we are through with the converter the silicon 
ntent is 0.30 to 0.35 per cent. 


A. W. GreGce:? In regard to the question in reference to silicon 
kup, I have never heard of any silicon pickup during a blow. 


MEMBER: In regard to my question on silicon pickup, is there any- 

ne that knows anything about that? I have seen it many times in a 

indry in the Pennsylvania district. Even though your silicon was 

exhausted by the blow and none was added, you could pour the steel 

and find 0.30 to 0.40 per cent silicon. I believe that silicon came from 
the lining. 


Mr. SKEATES: Was there any chance that the heat was doped? 


MEMBER: No, it wasn’t. They blow their steel very hot at times 
and we found that after they made the silicon addition they would run 
up as high as 0.70 and consequently they were trying to find out what 
it was all about. So, in the following heats in getting samples from the 
converter we found it was very easy to get solid steel with 0.30 to 0.35 
of silicon. I think the lining was clay. I wasn’t connected with the 
foundry and I don’t know exactly what the lining was. That was fifteen 
years ago but the pickup was quite common. 


Mr. SKEATES: I have seen that happen where a heat was doped 
after the boil. Then you finish that up and get your carbon eliminated. 


MEMBER: Do you mean that the silicon has to go out before the 
carbon is eliminated? 


Mr. SKEATES: We can remove that if the heat has been doped late. 
I believe Mr. Sims will bear me out on that. 


C. E. Sims: When one gets up to the temperatures about 3000 
degrees, carbon becomes a better reducing agent than silicon and if the 
silicon is rather high and the metal is rather hot to begin with that is 
very likely to be the case. After the blow is started the temperature will 
increase so fast that you will pass the FeO and Si equilibrium condition 
where the silicon is deoxidized first and the carbon will be deoxidized 
last. There are cases on record where one per cent of silicon is retained 
in the iron with almost the elimination of the carbon. I haven’t any 
information to answer the first question as to the relative qualities of 
the steel but I think the answer to the silicon question is that the silicon 
is retained rather than picked up. 


Discussion on Induction Practice 


MEMBER: I would like to take up the question of kilowatt-hours. 
There has been about a ten per cent increase in the efficiency of the 
motor equipment over the past two years. So, with the modern equip- 
ment the figure of 830 K. W. hrs. would be reduced about ten per cent 


’ Whiting Corporation, Harvey, Illinois 
* Battelle Memorial Institute, Columbus, Ohio 
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and again we find that a two hour melting cycle will give more efficient 


melting than a one hour melting cycle. 


Mr. LANDGRAF: I might supplement this statement by stating th 
fact that the equipment described in this paper was a rather old installa- 
tion, a 960 cycle unit instead of the more modern 2000 cycle. 


MEMBER: The two thousand cycle units are not more efficient than 
the one thousand. In general, a two thousand cycle is less efficient than 


one thousand cycle. 


C. G. Lutts (Written Discussion): Mr. Landgraf has presented 
informative matter on the industry’s newest melting tool—the induction 
furnace. The paper points out that this new furnace melts many typs 
of high alloys and that these alloys can be compounded nearly as simply 
as the apothecary weighs his drugs. Mention is made of the 18-8 type 
alloys and the author presents typical charge figures for a 5 per cent 


cnromlum steel, 


The paper does not refer to grade B straight carbon steel being 
melted in this furnace and it is true that ordinarily this steel is melted 
by other methods. However, grade B carbon steel is successfully made 
in the induction furnace but peculiarly not with the simplicity that 
chromium steels are produced in this furnace. It is necessary to “make” 
the steel in this furnace. A simple melt-down, with replacement for 
silicon and manganese losses does not suffice ordinarily. Steel so made 
may be found deficient in ductility, having the characteristics associated 
with so-called over-reduced steel. Tough, ductile metal is the result 
when the silicon and manganese are largely removed and the carbon 
reduced to 0.15 or below by oxidization. This practice necessitates an 
addition of scale or a longer period of heat with the surface of the bath 
exposed to the atmosphere for oxidation. Suitable deoxidation methods 


are employed subsequently, following accepted practice, in order to refine 


the steel. 





Mr. LANDGRAF: We greatly appreciate the supplementary informa- 
tion given by Mr. Lutts in his discussion. As was pointed out in the orig- 
inal paper, the size of our induction furnace installation would render 
its use in the manufacture of a Navy, Grade B, steel economically im- 
practical. However, should the occasion ever arise in which we would 
be obliged to make carbon steel in the induction furnace, there is no 
doubt but that we would follow the practice outlined by Mr. Lutts in 
order to avoid the possibility of low ductility attendant in the so-called 
over-killed steel. The same general procedure of boiling our carbon, 
silicon and manganese has been applied successfully for some time in 
the are furnaces and I am sure the benefits of this practice in carbon 
steel would be just as pronounced in the induction furnace.. 





Discussion on Acid Open Hearth Practice 


MEMBER: In melting down the 0.36 carbon which [ believe was 
noted on the chart was any ore used in reducing the metal from the 
0.36 down to the 0.20? 
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Mr. Harris: No, there is no ore added to the 0.36. This test was 
1 as soon as the metal was melted. Generally we do not take a test 
time. 


MEMBER: Is it your general practice to use ore or if not, is there 
ason why you do or do not? 


‘ 


ir. HARRIS: As a rule it comes down without ore. 
Vir. Srms: I notice in the carbon charge the content is about 0.75 
ent. What type of melt-down did you get? 


Mr. Harris: The 0.36 carbon was the melt-down. 


Discussion of Basic Open Hearth Practice 


MEMBER: In one of the slides, of Mr. Porter’s paper an observer 

f the metal or slag or at least the 

ntents of the open hearth furnace. I am curious to know what is 

omplished by that test. Is the reading taken of the slag or of the 
tal or the lining or side walls or what is attempted? 


; shown taking the temperature ¢ 


Mr. Porter: The temperature of the slag is taken as a measure 
he temperature of the metal underneath. 


MEMBER: I presume that is taken under a uniform input of fuel? 
Mr. Porter: That is right. 


MEMBER: I take it the temperature of the slag perhaps is lower 


1igher than the metal depending upon whether the fuel rate has been 
lowered or increased? 


Mr. Porter: The slag is generally higher, invariably higher. It 
generally runs about 3000°F. 


MEMBER: Even though decreasing your fuel input? 


Mr. PORTER: Yes. 


Discussion of Acid Electric Practice 

H. H. BLosso:5 Mr. Finster mentioned two widely different meth- 
ods of refining practices in the acid electric furnace, one of them being 
melting the charge at 0.30 per cent carbon or higher. Then sufficient 
iron ore or mill seale is added to boil the heat to a point low enough in 
carbon so that when the final additions are made, the heat will finish 
within the desired carbon range; the other method being to reduce your 
carbon probably about 0.10 or 0.20 per cent and then recarburize. He 
stated that in the first method there was danger of reduction of silicon. 
That is very true. There is also the danger of retention of silicon from 
your charge. I firmly believe there is a very definite third method of 
making steel in the acid electric furnace. We use it in our own plant. 
Our charge is normally 0.32 per cent to 0.35 per cent carbon. We reduce 





* Minneapolis Electric Steel Castings Company, Minneapolis, Minn. 
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this down to 0.10 per cent or 0.15 per cent by the second method. Hovw.- 
ever, we allow the boil to go almost to completion. In other words, we 
permit the boil to subside of its own accord. 


This method differs from the first in that a more extended boil tends 
to eliminate dissolved hydrogen and also reduces the residual silicon 
below that obtained in the first method. Silicon has an affinity for gases 
and therefore a lower residual further helps to eliminate the hydrogen. 
This is accomplished by adjusting the FeO content of the slag so that 

' the reaction of the FeO in the slag with the carbon of the metal comes 
to equilibrium at about 0.10 or 0.15 per cent carbon in the metal. As 
this equilibrium is approached the silicon of the bath is again increas- 

ing. It is therefore desirable to rapidly ascertain the carbon content of 
the melt at this stage of the heat and to make the proper corrections 
for carbon, deoxidize and tap. The points I wish to make clear are that 
this method is not a dead melting method, and that the major part of 
the silicon is reduced quite rapidly late in the heat. We do not have any 
trouble with what is known as over-reduced metal, the fluidity of our 
metal is very good and we believe our physical properties are compar- 
able with other methods of refining acid electric steels. 


H. D. PHILLIPS:® There is something I would like to add, not neces- 
sarily contradictory, about a statement made as to the unpredictability 
of the results of the acid electric furnace. In the steel made by the acid 
electric furnace, the results are unpredictable to some extent due to the 
requirements; or to put it another way, the conditions under which it is 
handled in the foundry to a large extent have caused that unpredicta- 
bility. That is, in order to pour small steel castings at a high temper- 
ature in green sand, we have had to add aluminum and until quite 
recently we have been at a loss to understand the unpredictable results 
so far as ductility was concerned. From other standpoints, I wouldn't 
say that the results from an acid electric furnace as compared to a 
basic electric furnace are any more unpredictable. 





I think Mr. Batty and Mr. Melmoth in their work with acid and 
basic electric furnaces have given us the answer as far as fluidity is 
concerned. It is hard to give\a name to the condition which is quit 
often found in the acid electric and basic electric steel. I think it ties 
in with the elimination of such gases as hydrogen and nitrogen in the 
cooling of the steels. 





As to the paper, I would like to call attention to the sentence on 
page 338, “while others add old ladle slag with the charge to increase 
the MnO content of the slag in the early stages of the heat.” I dont 
believe that is the real purpose. I know quite a few people who do it 
but I think it is to increase the slag volume in the early stages of the 
heat. 








Mr. FINsTer: I wish to thank both Mr. Blosjo and Mr. Henry 
Phillips for their discussion. When I attempted to divide existing acid 





* Dodge Steel Company, Philadelphia, Pa. 
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furnace practices into main groups I realized that this was a 
generalization. 


We have never used the practice described by Mr. Blosjo, however, 
have used the other two methods. Our practice today is to melt 
at about 0.28 per cent C and to ore down to a carbon of around 0.12 
with a residual manganese and silicon of 0.15 Mn and 0.03 to 0.05 Si; 
the bath is then partially deoxidized and recarburized by additions of 
silicon pig iron and the heat finished by additions of ferro-man- 
nese and ferro-silicon to the bath. We have standardized on this 
tice as it has given us better results than the practice in which the 
earbon is “caught coming down” on a less thorough boil. In Mr. 
Blosjo’s practice the heat is worked quite similar during the oxidation 
period and a point of low residual silicon content in the bath should be 
eached during the boil, which to me is the most important factor. 


The round table discussion on the reduction of silicon from the slag, 
which follows this meeting, should give us all a clearer understanding 
this subject and will be of great interest. I remember the physical 
properties of the heats which Mr. Blosjo presented last year in his dis- 
ussion to Sims and Dahle’s paper on “Effect of Aluminum on the Prop- 
erties of Medium Carbon Cast Steel” and they certainly were very good. 


I wish to confirm Mr. Phillips’ experience that steel can be made in 
the acid electric furnace to give results that are predictable. 


Mr. Phillips believes that the purpose of adding old ladle slag with 
the charge is to increase the slag volume in the early stages of the heat. 
It appears to me that we are both correct as this practice will increase 
the slag volume and at the same time give a slag higher in MnO than 
f the slag volume was increased by an addition of sand. 


General Discussion 


F. A. MELMOTH:* It seems to me that the different types of steel 
melting practices are not controversial in character. After all, a steel 
melting furnace is simply a tool to make steel castings and therefore 
the thing we are interested in is, what is the influence of these processes 
on the castings? We are discussing the furnaces as furnaces and to that 
I have very little to add. But I do think there is something to the question 
of what sort of castings these different processes make and what the 
benefits are to the foundry. 


It has been found in certain methods of steelmaking practice that a 
manganese loss occurs in conditions of high finishing temperature, ac- 
companied by a rise in the silicon content. I should therefore like to 
ask the member who brought up the point on silicon pickup in the 
converter, if he found a low manganese, or a lower yield of manganese, 
in those particular heats showing an unusually high silicon. 


MEMBER: To be truthful, I couldn’t answer the question definitely. 
It has been fifteen years ago and I wouldn’t remember the figures that 


Vice President, Detroit Steel Casting Company, Detroit, Mich. 
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well. The manganese, of course, was added but I don’t recall that ther 
was any unusual pickup although I have seen in the acid open hearth g 


pickup of manganese. 


C. E. Sims: In the French exchange paper of 1934 there was c 


siderable discussion of the physical chemistry and the author shoy 
pny) 7 


rather definitely that the presence of manganese meant the reductio 


of silicon. The temperature function there is very important. As th 
temperature increases the silicon decreases. As the temperatur 


is increased, the oxidation of silicon is increased and as the temperatur 
is further increased the oxidation of carbon takes place. If, when t} 
temperature is reached when the reduction of silicon takes place, ma 
ganese is added at that time, the equilibrium conditions for the redu 


tion of silicon will be greatly increased. 


J. C. PENDLETON:5 I was very much taken with Mr. Melmoth’ 
statement made in connection with the castings by the various processes 
of the manufacture of steel. I know it has been my experience that 
the physical properties are not so hard to obtain as good castings and 
the question is: Will the various processes that are used allow you t 


9 


manufacture good castings? With the converter, when I used it severa 
£ 


years ago, I could not manufacture castings nearly so well,—that is hig 


pressure steam castings and fittings—as I can with the electric furna 


* Supt. of Foundri« Newport News Shipbuilding and Dry Dock Co., New 
News, Va 





pocets aera 


‘ 





m 





te 
= rs 


mye 


© 


sane th 





; aS 
fe 
eT A CI eT rs 








By H. W. Drerert* anv E. E. Woopuirr,* Derrorr, Micu. 


1. 


The Hot Strength and Collapsibility 
of Foundry Sands 


Abstract 


The authors investigated the hot strength of molding 
sand and collapsibility of oil bonded cores. Both natural 
and synthetic bonded molding sand were studied when im- 
mersed in temperatures from room to 2500° F. Test data 
shows that hot strength of molding sand increases up to 
and including 2000° F. with an increase of moisture, clay 
content, green strength, mold hardness and sand grain 
size. When the temperature of the sand was raised to 
2500° F., the hot strength did not materially change as 
the above mentioned sand properties were altered. 

The collapsibility of an oil bonded core was found to 
increase as the permeability was increased. When the clay 
content of the core mixture was increased the collapsibil- 
ity was retarded. 

The conclusions as enumerated should prove that it is 
practical for foundrymen making aluminum, copper, grey 
iron, malleable and steel castings to control the hot 
strength and collapsibility of molding sand and cores. This 
control will prevent “hot cracks”, “hot tears’, difficult 
shake-out as caused by excessive hot strength and prevent 
“cuts”, “core wash” and “penetration” of certain types as 
caused by insufficient hot strength. 


INTRODUCTION 


Foundrymen have observed that certain sands and cores 


have different rates of collapsibility. In many cases there is a defi- 
nite need for a sand or core that possesses a rapid rate of collapsi- 
bility to accommodate contraction of a quick setting metal or of a 
thin section of a casting where a small amount of heat is present 
to disintegrate a surrounding section of the mold. 


* President and chief engineer, respectively, H. W. Dietert Company. 
Note: Presented before Sand Research Session, 43rd Annual A.F.A. 


Cincinnati, Ohio, May 17, 1989. 
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2. With this need in view, the authors conducted a series o; 
high temperature tests to determine what sand properties influenced 
the collapsibility of a sand and core. With such information, the 
high temperature behavior of molding sands and cores may be 
controlled within desirable limits. 


Application 


3. The behavior of molding sands and cores concern all foun. 
drymen whether in the non-ferrous or ferrous branch of the 
industry. 


4. In the non-ferrous field many castings are designed with 
a light metal line enveloping a section of the mold or eore. A sue. 
cessful sand or core for such types of castings must have a quick 
rate of collapsibility when subjected to a small quantity of heat 

5. In malleable, gray iron and steel castings the sand and 
core must collapse at a retarded rate to prevent washing by the 
metal and yet must collapse at a rate to prevent straining or hot 





tearing the casting. This requires a correct selection of sand proper- 
i ties. Test data shown in this manuscript will give helpful informa. 
tion on how to secure this particular phase of sand and core 
control. 





DEFINITION OF TERMS 


6. Several new properties of molding sand and cores will be 
mentioned and the authors wish to give their definition. 















7. Dry Strength: The term dry strength as used in this 
; paper refers to the A.F.A. dry strength where the A.F.A. standard 
rammed green sand specimen is baked at 230°F. for a period of 
2 hr. and then tested for compression strength after the specimen 
was allowed to cool to room temperature. 





8. Hot Strength: The term hot strength is new and is used 
to describe the strength of a molding sand or core at a pre-deter- 





mined temperature above 230°F. The green sand specimen or baked 





core specimen is immersed in a furnace which is maintained at a 
pre-determined temperature for a period of 30 min., and the com- 
pression strength determined of the specimen while at that temper- 
ature. The compression strength in pounds per square inch shall 
be noted together with temperature of sand specimen i.e., 52 |b. 


per sq. in. at 2000°F. In this investigation all hot strength tests 
4 
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were made on specimens 2 in. in length and 1% in. in diameter. 


specimen was selected after comparative tests on 2 in. and 

. in. diameter specimens. The 14 in. diameter specimen is 

ted to a uniform temperature faster and possesses a good 

of slenderness. It is adaptable to measuring the compression 

strength of molding sand which becomes quite plastie at high tem- 
tures 1.e., 2500°F. 


9. Hot Deformation: Molding sands and baked cores at 
elevated temperatures become plastic and when a compressive force 
is applied, the test specimen shortens under a plastie flow. The 

| amount that the test specimen shortens at time of rupture is 
expressed in inches per inch of sand specimen length and is des- 
ignated as hot deformation. 


10. Collapsibility: A molding sand or a core when subjected 
to a constant and pre-determined load while being immersed in a 
temperature of 2500°F. will collapse after a time interval. In this 
paper a 4 oz. load per sq. in. was applied to the baked core speci- 
mens while being heated at 2500°F. When the core specimen ecol- 
lapsed or deformed 0.070 in. per in. of length, the time in minutes 
was noted and designated as collapsibility. For example, if the 
time is 7 min. this would be expressed as 7 collapsibility. In mold- 
ing sand a load of 10 lb. per sq. in. is used. However, no test data 
on collapsibility of molding sand is given in this paper. 


Test Equipment. 


11. The equipment used in this investigation was in accord- 
ance with A.F.A. specifications’. This applies to all equipment used 
for measuring green and dry physical properties. For measuring 
the properties hot strength, hot deformation and collapsibility, 
equipment as being studied by the A.F.A. Committee on Steel 
Molding Sand was used. 


12. The 2x1 in. test specimen used in the hot tests was 
double end rammed with the special sand rammer Fig. 1. The 
sand specimen tube containing the sand floats on a post. When a 
ramming force is applied to top of sand specimen an equal force 
is applied to the bottom of the sand specimen. In this manner a 
uniformly rammed test specimen is secured which is very essential 
in hot tests. The sand specimen is stripped from the tube by this 
same bottom post. 


t Testing and Grading Foundry Sands & Clays—Standard & Tentative Standards, 
4th Edition, 1938. 


st He 
— FRR el“ 


te ~ 


3 



















HoT STRENGTH AND COLLAPSIBILITY OF FOUNDRY Sanps 


Si 


3. The dilatometer as shown in Fig. 2, is used to measure 
the hot strength and hot deformation of the sand or core speci. 
mens. The rammed test specimen is placed between the top sta. 
tionary refractory post and bottom post which is an extension 
of the hydraulic compression test unit contained in the base 
Surrounding the upper stationary post is an electrically heated 
furnace capable of temperatures up to 3000°F. The furnace may 
be lowered to surround the test specimen thus allowing the speci- 
men to be heated to a pre-determined temperature. The specimen 
is then loaded to rupture at the end of selected soaking time. 


14. The hot deformation of the test specimen is read on a 
dial indicator connected to bottom refractory post but is not 
shown in Fig. 1. 





Fic. 1—Sanp RaMMER FoR 2 X 1% In. Dovustep END RamMMep Test SPECIMEN. 
Use in Hor Strrenctu Test. 
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DILATOMETER FOR DETERMINING THE Hot STRENGTH aND Hor DEFORMATION OF 
MoLpDING MATERIALS. 


15. This same dilatometer is used to measure the expansion, 
ntraction and collapsibility of a core by removing the top sta- 
tionary post and inserting a floating fused siliea rod. The bottom 
end of the silica rod rests on a refractory dise placed on top of 
the sand specimen, subjecting the specimen to a pre-determined 
load. The dial indicator contacts the top of the silica rod, thus 
providing means for measuring the rate of collapsibility with the 


ud of a stop watch 


PROCEDURE OF Hor TEST 


16. The sand used in this investigation was prepared in 
accordance with A. F. A. specifications.‘ Each sand was tempered 
to the best workable moisture content. The 2x1 in. test speci- 


mens were rammed with rammer Fig. 1 with three drops of the 


rammer weight which imparted a ramming energy equal to the 


A. F. A. sand rammer. This gave mold hardness readings ranging 


79 to 85, depending on property of the test sand. 


17. The rammed sand specimen was immediately placed in 
lilatometer Fig. 2 and the heated furnace lowered thereafter. The 


For reference 
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Fic, 3—DtLaToMETER EquiprpEp witH Dtat INDICATOR AND Quartz Rop For Determiniy 
THE ExpaNsion, CONTRACTION AND COLLAPSIBILITY OF MOLDING MATERIALS 





/ 

| , temperature of the furnace is maintained automatically by a 
pyrometer controller at the chosen temperature. Thirty minutes 

after the furnace was lowered the sand specimen is loaded in com 

pression at the rate of 100 lb. per sq. in. per min. The maximum hot 

compression strength reached, and hot deformation at maximum 


strength reading, is recorded together with temperature of furnace. 


18. The specimens for the study of collapsibility of cores were 
rammed with sand rammer Fig. 1 and then baked in accordance 
with plant practice. The core specimens when cooled to room 














i | temperature were placed in dilatometer, Fig. 3. The furnace with 

Al i a temperature of 2500°F. was then lowered around core specimen, 

* a recording the time and volume change of core as indicated on dial 

eo) indicator. When core contracted to 0.070 in. per in. of specimen 
1 length, the time was recorded as collapsibility. 


Method of Investigating Hot Strength 


19. The largest amount of detailed information may be se 
cured when only one variable is studied at a time. To follow this 
plan, batches of molding sands were prepared where only one 
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Fic, 4—Curves SHOWING EFFECT or Moisture on Hot STRENGTH oF FacinG SAND. CuRVE 
A) 6.4 Per Cent Moisture, Heavy. Curve (B) 5.4 Per CENT Moisture, TEMPER. 
Curve (C) 4.5 Per Centr Moisture, Dry. 


principle physical property varied. For example, different batches 
of the same grade of sand were moistened with different percent- 
iges of moisture. This same procedure was followed for variations 
in grain size, green compression strength and mold hardness and 
types of bonding material. 


The Effect of Moisture on Hot Strength 


20. A molding sand used on a tractor sand slinger floor for 
molds in which 200 to 600 lb. castings were made, was used in the 
hot strength test where moisture was varied. The test data for this 
sand as tempered to 4.5, 5.4, 5.9 and 6.4 per cent moisture is 
tabulated in Table No. 1. This sand is representative of sand used 
for molding medium and heavy gray iron castings. It is bonded 
with a natural molding sand and considerable burnt core sand 
enters the heap sand. The sand is at its best workable moisture 
content when tempered with 5.4 per cent moisture. 


21. Batches of this sand were prepared with moisture per- 
centages as enumerated in preceding paragraphs. The hot strength 
of each batch of sand was determined at 230, 500, 1000, 1500, 2000 
and 2500°F. 


22. The hot strength values found are shown graphically in 
Fig. 4. It may be noted that moisture influences the hot strength 
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ases from 4.5 to 6.4 per cent i.e., from dry to heavy temper, 
dry and the hot strength increases in the temperature range 
from 230 to 2000°F. The hot strength at 2500°F. has a tendency 
to decrease as the moisture increases. This reduction is not suffi- 


ent to cause any noticeable effect on the castibility of the metal. 


GRAIN SIZE EFFECT ON Hot STRENGTH OF MOLDING SAND 


25. Silica sand with sub angular grain structure was sifted 
to obtain a quantity of sand samples, each composed of a definite 
grain size, namely 30, 70, 100, 140, 200 and 270 mesh size. The 
silica sand of each mesh size was bonded with an Illinois bond elay 
using a sufficient amount to produce a synthetic sand with sub- 
stantially 7.5 lb. per sq. in. green compression when mulled in the 


laboratory muller in accordance with A. F. A. test procedure. 


26. The physical properties of the synthetic molding sand 
used in this particular test are tabulated in Table No. 2. The 
deformation test data show that the sands were tempered to very 
nearly the same degree of plasticity, producing a fairly constant 
workable strength as shown by the very uniform resilience values. 


27. The hot strength for these various grain sized synthetic 


molding sands, is plotted versus temperature in Fig. 6. From this 
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Fic. 6—TemperatureE Hor StrenctH RELaTIon vs. Grain Size. Curve (A) 270 MeEsu 


Curve (B) 200 Mzsu. Curve (C) 140 MeEsH. 
Curve (F) 


Curve (D 
30 MEsH. 


Table 2 


) 100 MesH, Curve (E) 70 Mesn 


SAND Test Data oF MOLDING SANDs OF VARYING GRAIN SIZE 


WHEN BonpDeEpD To 7.5 LB. PER Sq. IN. GREEN COMPRESSION 


Grain Size .---270 
Moisture (Per Cent = 
Permeability (A.F.A. No.)...... 
Green Compression 

Strength (Ib. per sq. in.)......... 7.6 
Deformation (in. per in.)......... . 0.015 
Resilience (in. Ib. x 1000)....................114 
Clay Content (Per Cent)........................ 11.0 
Dry Strength (A.F.A.) (lb. per sq. in.) 65.8 
Dry Deformation (in. per in.). 0.005 


Temperature, °F 
500 
1000 
1500 
2000 
2500 


Temperature, °F 
500 
1000 
1500 
2000 
2500 


200 
4.1 
15.8 


te 
0. 
115 
11.7 
41.8 
0.005 


140 100 70 

3.6 3.1 2.6 
28.2 4y 

7.7 12 

0.014 0.014 
108 108 

11.5 10.7 

32.8 29.5 

0.007 


Hot Strength (lb. per sq. in.) 


41.8 

63.5 

72.6 

162.0 
0 


81.4 28.1 17.6 
40.8 81.4 28.7 
47.5 40.5 35.8 
160.0 116 116.0 

0 29.2 29.8 


Hot Deformation (in, per in.) 


0.007 
0.016 
0.010 
0.084 
Plastic 


0.005 
0.015 
0.011 
0.115 
Plastic 
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graph it may be observed that as the temperature is increased up 
to and including 2000°F., the hot strength increases for all of the 
different sands. When the sands were heated to 2500°F., the hot 
strength decreased to a minimum. The hot strength of the 140, 
200 and 270 mesh sands at 2500°F. is nil. This occurs undoubtedly, 
due to the fact that the refractoriness of these fine sands was so 
low as to cause the sand to become very soft at 2500°F. The 270, 
200 and 140 mesh sands corresponding to grains retained on the 
pan, 270 and 200 sieve, have the highest hot strength at 2000°F. 


28. A good picture of the effect that grain size has on the 
hot strength is shown in Fig. 7. For all grain sizes, the hot strength 
decreases as the grain size increases i.e., as the sand becomes 
coarser and permeability increases. A possible reason for this be- 
havior is that the fine sand grains knit more closely together, 
causing higher load supporting capacity. It is also a fact that the 
finer sand grains act as a better heat insulator than the coarser 
sand grains, due to their lower permeability. There is an exception 
in that the 140, 200 and 270 mesh sand show a very low hot 
strength at 2500°F. due to their low refractoriness, causing sand 
to become plastic at this temperature. Molding sand and core sand 
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“? 
Sanp Test Data or MoLpDING SANDS BONDED TO 
GIVE VARYING GREEN STRENGTH PROPERTIES 
r 
ts { 
Stre 1 7 6.0 8.4 10.1 
Moistu ( 2.0 2.4 2.7 1 
Perme A.F.A Né 47 196 157 121 2 
Deforma pe 0.0155 0.0145 0.014 0.015 ) 
Resilie *€ x 7 87 118 L151 180 
Expansi pel I 0.021 0.024 0.024 0.024 0.024 
Contract pe 01 0.006 002 0.00 ) 
Clay Content P¢ ( 0 0 8 9 L1.¢ 
Dry Streng A] | } 27.( i! 49.7 
H A (lb. 7 7 
1.9 19 25.2 44.5 
23.9 ( 4.5 74 
7 g 8 0.5 85.0 135 
{ 158.8 250.1 ,.3 14 
6.6 8 9.4 10.2 11.7 
al 
2. The hot deformation test, though showing a very prac 
sand, was not incorporated in the early part 
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the amount that the sand deforms or gives, aver- 
and increases to around 0.011 in 
At 2500°F. the sand has 
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nfinite deformation. It is of interest to note that when the sand 
was heated to 1500°F., the hot sand deforms as much as usual 
ereen sands. In other words, the surface of a green or dry sand 


mold, when heated above 1500°F. is not a hard brittle substance 


as dry sand at 230°F., but is as plastic as many green sands. This 


certainly must act as a cushion for the solidifying metal. The sub 


of hot deformation should receive much additional study. 


GREEN STRENGTH Errect on Hor Strenotu or Moupina SAND 


3. Batches of Michigan City lake sand of 56 fineness were 
bonded with a varying quantity of Ohio bond clay to give synthetic 
molding sands with green compression strengths of 3.7, 6.0, 8.4, 
10.1 and 11.6 lb. per sq. in. All of these sands were tempered to 
the best workable moisture content. . 

34. The physical properties of these sands are tabulated in 
Table No. 3. The uniform deformation test data shows that sands 
were uniformly tempered to a workable temper, while the resilience 
value shows the true increasing workable strength as clay content 


increased. 


Each of the synthetic molding sands of different green 
gths was subjected to temperatures of 500, 1000, 1500, 2000 
and 2000°F. and the hot strength determined at those temperatures 


The hot streneth values are tabulated in Table No. 3 and are shown 


graphically in Fig. &. 


Db 


36. From information shown in Fig. 8, it is apparent that 
strength inereases much faster than the green or dry 
strength. Increasing the green strength 3.1 times, increases the 
hot strength at 2000°F. 6.5 times. Therefore, it is very apparent 
that green strength of a sand should be controlled closely to obtain 


a definite collapsibility of a molding sand. 


37. The hot strength at 2500°F. is not affected materially 
by the green strength when the sand is bonded by the Ohio elay. 
The maximum hot strength is reached at a temperature of 2000°F. 
for this particular clay bonded sand. 


38. The hot strength values, when plotted versus green com 
pression strength (see Fig 9) clearly show that the hot strength 
increases rapidly as green strength is increased. It also shows 
that the hot strength increases faster as temperature increases up 
to and including 2000°F. In other words, the effect of green 
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pronounced as the mold surface js 


at 2500°F 


the skin of the mold 


\Moup y cr ON Hor STRENGTH OF MOLDING Sanp 


used to study the relation between mold hard 
strength was an Illinois silica banding sand, bonded 
bond clay. The sand was prepared in a laboratory 
rdance with A.F.A. test procedure, using 8 per cent 


place of 1: ‘r cent 


this sand are tabulated 
strength test values on the 1A x 
this table, when rammed to 88, 54. 77 
se specimens were heated to 500, 1000 


rupture at these temperatures t 


Table 4 
MoLDING SAND UNDER VARYING 
oF Moutp HARDNESS 

s t 


] The relation betwee | hardness and hot strengt! 


} 


irious temperatures may be best studied by referring to Figs 


10 and 11. In Fi it may be noted that this particular sand 





shows the maximum hot streneth at 2000°F. An increase of mold 
hardness increases the hot streneth up to and ineluding 2000°F 
At 29500 a he effect yf arying mold hardness is erased. This 
means that the hot h of the thin face of a mold when heated 
to 2500°F. is not affected by mold hardness. The sand immediately 


behind this thin face is materially affected by mold hardness. For 


example, increasing the mold hardness 2.1 times increases the hot 


strength at 2000°F. 2.8 times 
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H 
12, The graphic illustration in Fig. 11 gives a clear picture 
f the inerease of hot strength as mold hardness is increased. The 
increase is most rapid for the 2000°F. temperature range. When 
the sand is heated to 2500°F’. all the effects of mold hardness is 
ost. The hot strength of a sand at 2900°F. apparently depends 
on the refractoriness of the clay bond in a sand and on the size 


» grain structure of the sand as shown in Fig. 6 


17 {pplication of Hot Stre ngth 


43. A very common fault found in sands for light castings 

s cutting and washing at the gates. To show how the hot strength 
will reveal the cause of cutting, data as shown in Table No. 5 

s of interest. The good plate sand has a hot strength of 88 Ib. 
r sq. in. at 2000°F. and 9.4 lb. per sq. in. at 2500°F. The plate 
sand that ‘‘cuts’’ has a hot strength of 47.2 lb. per sq. in. at 
2000°F. and 4.0 lb. per sq. in. at 2500°F. The low hot strength 


2000 and 2500°F. undoubtedly explains why the latter sand 


washes. 
Table 5 
Hor Srrenetn Test Data For Goop AND Bap 
PLATE MOLDING SAND 
Plate Sand Plate Sand 

Good Washes 
Hot Strength at 2000°F. (lb. per sq. in.)........ 88 47.2 
Hot Deformation at 2000°F. (in. per in.)....... 0.055 0.065 
Hot Strength at 2500°F. (lb. per sq. in.)........ 9.4 4.0 
Green Compression Strength (1b. per sq. in.).... 6.7 4.3 : 
co 8 er er eae 22 34 
Hot Ntre ngth as E ffected by Clay Bond 

14. The hot strength of a molding sand may be controlled by 
the selection of clay bond. Certain bonding materials have low 

strength while others have high hot strength. 

5. The hot strength curves for four different bonding 
materials are shown in Fig. 12. It may be noted that the molding 
sand bonded with clay B has the lowest hot strength at high temper- 
ature while clay C has the highest hot strength. The molding sands 

nded with clays A and D have the most uniform hot strength. 
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STRENGTH KeLATiION CuURVEs HELD aT Heat 2 Minutes. Curve (A) Cray C. Curve (B 
Cray A. Curve (C) Cray D. Curve (D) Cray B. 


COLLAPSIBILITY OF BAKED O1L BONDED CORES 


46. ‘The rate at which a core collapses and also the manner 
in which the volume of a core changes as it is heated by molten 
metal, concerns all foundrymen. A core that collapses at too slow 
a rate may ‘‘hot tear’’ or strain a casting and the core will be 
difficult to shake out. 


$7. Conversely, a core that collapses at a rate which is too 
fast for the section of metal will cause core wash and resulting 
sand inclusion. Cores also vary as to volume change upon heat 
ing. Many cores expand a considerable amount while others made 
from controlled mixtures expand very little. 


18. As an example of how to control the volume and col- 
lapsibility of cores, a series of core specimens were baked from 
different core mixtures compounded correctly for definite types of 
castings. Physical properties of this series of cores are tabulated 
in Table No. 6. The volume change in expansion and contraction 


together with the time required for each core to collapse is shown 
graphically in Fig. 13. The core No. 1 shows an expansion of 
0.006 in. per in. of length, while cores No. 3 and 4 show only an 
expansion of 0.001 in. 
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18—VoL_UME CHANGE AND COLLAPSIBILITY oF BAaKEp Corres. Curve (1) Barre. Mix 
Knockout SaNnp. Curve (2) REGULAR Barret SaNp. Curve (8) CoMBINATION JACKET 
Sanp. Curve (4) Recutar Jacket SAND. THERMAL SHOCK aT 2500°F, 


19. The time required for core No. 4, which did not contain 


iny clay, bond, to collapse was 2.5 min. while core No. 2 with 1.75 
per cent bentonite required 4.8 min. to collapse. The core No. 1 
‘ontained burnt knock-out sand containing bond. This core col- 


lapsed in 8.0 min. It is thus apparent that as you increase clay 


bond in a core mixture, the rate of collapsibility of the baked core 


is reduced materially. 


Table 6 


Core CouuApsiBititry Test DATA 


Core Core Core Core 
No. 1 No. 2 No. 8 No. 4 
Percentage Bentonite........ Knock-out-sand 1.75 0.70 0.0 
Percentage Cereal Binder........ 0.1 0.2: 0.10 0.1 
Come POP OIIee soc cicecccvies es 109.0 121.00 190.00 250.0 
Time of Breakdown in Minutes.... 8.0 4.80 3.25 2.5 


50. Comparing the core permeability and time required to 


collapse the core, it may be noted that core No. 4, with 250 per- 
meability collapses fast, while the core No. 1 with permeability of 
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109 collapses slowly. Therefore, to increase the collapsibility of a 
core, the pe rmeability of a core may be increased to secure this 
feature. As the permeability of a core increases a greater quantity 
of heat flows through the core, causing early breakdown providing 
other conditions are favorable. 
CONCLUSIONS 
51 The hot strength testing of molding sands to date shows 
definitely that hot strength has many practical applications in al! 
types of foundries. It reveals information on the behavior of mold- 
ing materials that will enable foundrymen to materially improve 
the casting producing power of molding sands and cores. Definite 


relations found between hot strength and the various sand proper 


ties are of practical value and will be enumerated. 


l The hot strength of molding sand between the tem 
perature range of 500 to 2000°F., increases with an increase 
of moisture. In other terms heavy tempered sand will cause 


more hot eracks and strains and will shake out harder than a 


tempered sand 


2 Molding sands composed largely of 270, 200 and 
140 mesh sand grains i.e., grains retained on the pan, 270 and 
200 screens, show high hot strength at 2000°F. 





o The 70 mesh size material retained on the 100 mesh 
screen shows the highest hot strength at 2500°F. and thus 


; 


should resist washing better than other grain sizes. 


eS neers 


i f Molding sand composed of 140, 200 and 270 mesh 

| grains i.e., grains retained on the 200, 270 screens and pan, 

t commonly referred to as ‘‘fines,’’ show practically no hot 

. strength due to their low refractoriness which causes them t 
become plastic at temperatures at and above 2500°F. 


} (5) For all grain sizes the average hot strength de- 
i ereases as the grain size increases; i.e., as the sand becomes 
coarser and permeability increases. To increase the collapsi- 

' bility of a molding sand the grain should inerease in coarse 


ness 


Molding sand, when dried and then heated to tem 





perat 


igh as 1500°F. possess a hot deformation or hot 
plasticity equal for all practical purposes to that of the green 
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sand. This deformation or plasticity certainly must be benefi- 


cial to accommodate contraction of the hot casting. 


(7) The hot strength of a sand increases at a faster rate 
than the rate of increase of the green or dry strength. In- 
creasing green strength 3.1 times, increases the hot strength 


6.5 times at 2000°F. Collapsibility of a mold is, therefore, 





greatly affected by the green strength of the sand. Thus, the 
collapsibility of a mold may be increased by lowering the 


green strength or may be retarded by raising the green 
strength. 


(8 Increasing mold hardness 2.1 times increases the 
hot strength 2.8 times. This shows that as mold hardness is 
increased, the hot strength of the sand is increased at a faster 
rate than mold hardness. This increase is most pronounced 
at 2000°F. The collapsibility of a mold may thus be increased 
by reducing mold hardness or be retarded by increasing mold 
hardness. 
(9) At 2500°F. the hot strength is not influenced by ; 


mold hardness. 


(10) It was found that a plate molding sand with a hot 


») 


strength of 4.0 lb. per sq. in. at 2500°F. washes and when the 
hot strength was 9.4 lb. per sq. in. the sand does not wash. ; 
(11) Different clay bonds whether of the natural, fire 
clay or bentonite type all show a wide difference in average 
hot strength and their maximum hot strength occurs at dif ; 
ferent temperatures. It is thus apparent that mold collapsibility ) 
may be varied by selection of bonding material. 3 t 
¢ 4 
- 2 
(12) Clay or bentonite additions to a core mixture re- : ; 
tards the rate at which a core collapses. 
(13) The rate of collapsibility of a core is increased as bi 
the core permeability is increased. ; 
ADDENDA 
\ number of questions have been asked concerning the hot strength 
nvestigation and as a means of clarification, the following paragraphs 
ve been prepared. 
All of the test data shown in this investigation were for sand 
ecimens subjected to shock or quick immersions in the hot furnace. { 
e results obtained are quite different when the sand specimen is : 
ul 
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slowly heated. The shock test was selected because the authors felt that 
this condition more nearly simulated foundry practice. 


The sand specimen as selected in this investigation was 1 in 
in diameter, since it was found that a small diameter specimen heated 
to a uniform temperature more readily than a specimen 2 in. in 
diameter. The heating time, prior to the load application in the case 
of the 1% in. in diameter specimen, is substantially one-half of that 
required for the 2 in. diameter specimen. 


A visual examination of broken sand specimens at elevated temper- 
atures showed that the 1% in. specimens broke uniformly at the center 
while the 2 in. specimens fracture was due to a bulge or mass effect 
because of its low ratio of slenderness. The 1% in. specimens were double- 
end rammed which resulted in a uniform hardness; a factor quite 
essential in hot strength tests. It was also found that a furnace for 
1% in. specimen could be built and operated much more economical 
than one for a 2 in. specimen. However, furnaces for both types were 
available. 


In measuring the rate of collapsibility of baked cores, see Fig. 
13, a load of 4 oz. per sq. in. was applied to the core specimen. 
When testing the rate of collapsibility of molding sands a load of 10 
lb. is suggested in our paper. This load has been used in some work 
conducted in our laboratory and is referred to in our paper only as a 
suggestion for those who wish to test collapsibility of molding sands. 


The test curves as shown in our paper were plotted from averages 
obtained from not less than three check tests and in some cases it 
required as many as six tests to accurately locate a point. A _ point 
that may be mentioned is that the shape of the curve would have been 
altered if the tests had been made at smaller intervals than 500° F. 


Only one sand was used to show that moisture affects the hot 
strength of molding sands. Several different sands have been tested 
and the same general relation as shown in Fig. 5 was noted. 


In paragraph 20, we describe the sand used in the hot strength 
vs. moisture test as molding sand while in Table 1, it is referred to as 
facing sand. An objection has been raised to describing a facing sand 
as a molding sand. In paragraph 20 we used the general term molding 
sand to describe the facing sand. In this case, no backing sand is used 
since the sand is prepared all as a facing sand. 


The point has been made that in Table 2, three variables are 
present; namely—grain size, moisture and clay content. Considering 
the point from a practical side, moisture may be considered a constant 
since the clay was wetted the same degree so that mechanically the 
water affected the clay substance the same in all the sand samples. 


The clay is a variable in percentage but from a strength workability 


viewpoint the same bond strength was used. 
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It has been suggested that the authors explain how they obtain 
expansion and contraction tests on the same sample. When a 
sand is heated, it first expands and continues to expand until such 
time as sufficient heat is absorbed by the sand to cause the clay 
ibstance to reduce in volume canceling the expansion of the sand 
ins and actually causing the sand to contract. The maximum 
xpansion reached is recorded and when the sand specimen reaches 
F. the amount of contraction is recorded. 


A desire has been expressed to have the authors explain their 
theory on the relation between permeability and heat travel in a sand. 
Small air spaces act as better heat insulators than large air spaces. 
Also, large air spaces, where inter-connected, would allow a greater 
quantity of heat to flow into the sand mass than would small air 
spaces With resultant low air travel. Under these conditions low 
permeability would restrict heat travel and high permeability would 
increase heat flow. 


In the conclusions it is stated that the mold hardness does not 
influence the hot strength at 2500° F. An explanation of this behavior 
may be that at 2500° F. the clay bond used became a soft mass and 
lost all of its characteristics imparted by mold hardness. 


The terms clay or bentonite, in conclusion 12, paragraph 51, is not 
used synonymously. Either of these materials retard the rate of collap- 
sibility of a core. 


DISCUSSION 


Presiding: W. G. REICHERT, American Brake Shoe & Foundry 
Company, Mahwah, N. J. 


H. L. DAASCH! (written discussion): The authors have attacked a 
problem which opens a great field of better understanding of foundry 
sands. There are a few items in their report which the writer wishes 
to discuss in the interests of concise thinking and application of 
the facts. 


Table 1, lists “Clay Strength (lb. per sq. in.) 230 (A.F.A.)” Do 
the authors mean here “Dry Strength” as defined by A.F.A. Standards, 
or “Dry Bonding Power” as outlined in A.F.A. tentative standards. 
If the former is intended, the standard term had better have been 
used. If the latter is implied, the comparison of such test values 
with the values of other tests at 1000 to 2500° F., as shown in 
Fig. 5, may not be valid because sand grain conditions are dissimilar. 


In any event, the curve labeled 230° F., as in Fig. 5, does not 
then refer to “Hot Strength” as indicated in the co-ordinate of the 
graph. Furthermore, the conclusions of paragraph 24 would seem 
limited to the “temperature range from 1000° F. (instead of 230° F.) 
to 2000° F.” 





1 Department of Mechanical Engineering, lowa State College, Ames, lowa 
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read “dry strength” and we are grateful to Mr. Daasch in calling thi; 
error to our attention. 


In reference to the author’s use of the term “collapsibility” in co) 
junction with hot strength, may we state that we used the ten 
collapsibility as a resultant effect of hot strength. When a sand posses. 
ses a high hot strength at elevated temperatures, one definitely knows 
that the sand will require a large force to break it up and allow th 
casting to contract. Thus a sand with high hot strength, as may lb 
secured with certain sands when worked with excess moisture, wi 
collapse slowly. 


Qur research work to-date has shown an apparent close relatio: 
between hot strength and collapsibility. In the hot strength test, th 
load required to collapse the sand is determined while in the collapsi- 
bility tests, a pre-determined load is applied and the time interval 
required before the sand fails under the load is determined. The latter 
test may define the rate while the former test defines the force required. 


The sand samples used in our investigations were prepared i: 
such a manner as to reduce the number of variables to a minimun. 
In all cases the practical side was kept in mind. For this reason, the 
sands were prepared to a constant workability as a molder would pre- 
pare the sand to obtain the best casting. Take, for example, the sands 
with varying grain size, Table 2 and Fig. 7. The grain size was the 
predominate variable. The moisture varied in percentage but each sand 
was tempered to its best and constant workability as may be noted 
by observing the constant deformation test readings. Each sand pos- 
sessed the same degree of “wetness.” Thus, the clay as contained was 
wetted the same amount and did not materially enter into the changing 
of the hot strength. The green strength was held constant for that 
would be required in the foundry to give the same degree of work- 
ability. 


It is the authors’ findings that cores made with fine sand knock-out 
harder in the cleaning room than cores made with coarse sand. Our 
laboratory tests substantiate these foundry experiences. 


As to whether the heat travels by convection or by conduction may 
be a question. We have found that the heat that travels through a 
mold or core is directly related to permeability and it was logical t 
assume then that the heat traveled by convection. We may be in error 
as to how the heat travels and certainly would welcome more data on 
this question. 


The authors used sand grains of the same appearance in sand 
samples of varying grain size. Mr. Daasch’s point in regard to the 
possible effect of a varying composition of the sand grains deserves 
additional research. 


The question as to the possible effect that moisture may have had 
in curves shown in Fig. 9 may be best answered by stating that suff- 
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ient moisture was used to wet the clay particles as present to the same 

lasticity or temper. Refer to the deformation values in Table No. 3. 

rherefore, the clay present in each sand sample was affected by moist- 

ire identically and thus, moisture should not affect the hot strength 
Fig. 8 or 9. 


The authors appreciate Mr. Daasch’s many valuable suggestions 
and it is their wish that Mr. Daasch and his associates will continue 
the excellent research work on foundry sands. 


MEMBER: We are interested in castings for the constructing of one 

the government projects, the Grand Coulee Dam. Sometimes we get 

nto trouble with small scabs even though our permeability holds just 

about seven to nine. These castings in the rough will weigh 30,000 lbs. 

ind have 6 in. of sand at the wall of the casting. We pour them in 
from 62 to 70 sec. Can the authors give us a remedy? 


Mr. DIETERT: It has been stated that the casting has 6 in. of sand 
around the metal line and the trouble is apparently scabbing. First of 
all, the amount of sand around the casting is really too small. Six in. 
of sand would heat up very fast and the amount of heat that 6 in. 
of sand can carry away would be quite small, so it would get very hot. 
When sand gets very hot or heated to a very high temperature, it will 
scab. In other words, the bond in the sand is beginning to soften up 
like slag and it contracts and tears the mold surface. The sand is not 
of sufficient refractoriness to take the punishment being given to it. 
More sand would help to correct the trouble. 


Another line to work on is obtaining clay bond with a higher 
sintering point. By all means, get sand that will have a 2700°F. sin- 
tering point—not one of 2300°F. When sand is worked very plastic 
and with high strength by having an excess amount of clay one has 
lowered the sintering temperature because the clay acts as a flux. 


MEMBER: We do not use any clay in our sand at all and dry the 
mold for 14 hrs. 


Mr. DIETERT: The natural sand has clay and when worked high 
in green compression strength it will have a low sintering point. There- 
fore, work your sand slightly lower in green compression strength. 
Next, do not ram the mold hard, particularly when you have such a 
small amount of sand around the casting. Ram it as lightly as you can, 
just avoiding having the casting swell. The time used should dry the 
mold thoroughly. However, I would suggest you remember the point I 
mentioned about working your sand on the low green compression side, 
5% or 6 lb. is ample, and drill holes in the side of your flask to help 
vent the mold. 


MEMBER: Mr. Dietert, in preparing these core washes you were 
trying out, did you try to see whether the heat penetration was fast or 
slower from that point? 
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Mr. DIETERT: We have just begun a research program to find out 
how different core washes and mold washes affect the heat transfe) 


[ think that it is true that the heat transfer is materially affected by 


the type of core wash one uses. Graphite will affect the gas travel and. 
also, it being a black body will transfer heat quickly due to its high 
heat absorption while a silica wash will retard heat transfer. A mold 
wash or a core wash will affect the hot strength and heat transfe 
of a mold 


MEMBER: Is there any correlation between hot strength of a 


and the expansion or contraction of different clay bonds? 


Mr. DIETERT: In some cases, I think one would find a relatio: 
but I do not believe it would hold true as a general rule. Sands that 
are high in contraction are sands that contain as a rule an ampk 


quantity of clay bond or an excess amount of clay. The hot strength 


increases with an increase of clay bond. Therefore, contraction and hot 


strength are not necessarily affected alike. 


Mr. WoopuirF: The type of clay that one uses and also the quar 
tity of clay will affect the hot strength. Whether the clay is refractory 
or not refractory seems to be very important The quantity of cla) 
bond existing in a sand does determine the amount of shrinkage of 
the clay and I believe also the hot strength. Thus, there is some rela- 
tion indirectly. Today this work is so new there are a lot of questio 


which will have to be answered as time goes on. 


MEMBER Mr. Dietert made a remark that to prevent the meta 


from burning up a core too fast a finer core sand with a clay or be 
tonite bond is used. But he did not say anything about the danger of 
the core blowing n the mold. §S ippose one cannot take a vent off of 
that particular core, what should be done? 


Mr. DIETERT: Sometimes it is true that we are unable to take off 
a mechanical vent which does limit the choice ] believe one could in 
crease the amount of clay or bentonite bond that is put in the cor 
without materially reducing the core permeability, another schem 
would be to use a little more open sand and adding a slight additional 
amount of bentonite or clay and a little more oil which would give the 


core a high permeability and yet maintain a slow rate of collapsibility 


E. PRAGOFF!: I was much interested in the results obtained by the 
authors in their work on sands of different grain fineness. In Fig. 7 
they show that in the finer grains at 2500°F. firing temperature they 
had a plastic condition, and in the coarser grains they had, instead of 
a straight line for the hot compression strength, a curved line. -I would 
like to have the authors comment on that with regard to the fritting 
of those sand grains. Is it possible that that is how that hot strength 
is developed? 


1Chemist, Hercules Powder Co Wilmington, Del, 
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The Shearing of Malleable Iron Gates 


S. D. Martrin*, Sacrinaw, MICH. 


Abstract 


In recent years, the operation of shearing malleable 
gates has become increasingly popular with foundrymen, 
and in many cases it has replaced snag grinding, milling 
and broaching. Due to this fact, the author will describe 
and illustrate the equipment required for shearing, also 
various types of shear dies and knives. Castings and gates 
best suited for shearing will be discussed. The advan- 
tages of shearing over grinding will be brought out, both 
from a quality and cost standpoint. In some cases, it is 
possible to remove metal six times faster by shearing 
than by grinding. Shearing has advantages over other 
methods because it is a fast, clean and economical opera- 
tion. The metal that is removed by shearing can be 
saved and remelted which tends to lower the cost of the 
operation. 


INTRODUCTION 


1. Large gates are generally used to produce malleable iron 
castings free from shrinks. In the majority of cases these gates 
must be removed to make an acceptable commercial casting. Con- 
siderable equipment and labor are involved in the operations re 
quired to remove this excess metal. 


2. The five most prominent methods of removal are snubbing, 


grinding, shearing, milling, or broaching. The first three men- 
tioned are the most satisfactory from a manufacturing standpoint 
Milling and broaching produce a very satisfactory job, but are 
slow and expensive and therefore will not be discussed in this 
paper. Snubbing and grinding will be discussed and illustrated 
briefly. As shearing is considered the most practical and econom- 
ical, a more detailed description of this operation will be given 


* Better Methods Engineer. Saginaw Malleable Iron Division, General Motors Corp 


Nore: This paper was presented at a session on Malleable Iron at the 48rd Annual! 
A.F.A. Convention, Cincinnati. Ohio. May 15. 1939. 
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SNUBBING 


Castings made on a conveyor system will occasionally 
break back into the shrink bob when they are dumped at 
shakeout. It is advisable and economical to snub this excessive 
metal off before the regular shear or grind operation oceurs. TT) 


means that excessive grinding cost will be eliminated : broken shea 








I SHOWING CiRINDING MACHINE, HOPPER SET-Up AND THI Ust 
LEVERAGE STICK, 


knives kept at a minimum, and also that the excess metal snubbe 


off can be saved and remelted. This operation is usually performe 


on as e cutter press as shown Ih Figs. ] and oe 
GRINDING 
{ Numerous fixtures have been designed to assist in grinding 


small e¢astings which are difficult to hold. However, in the majorits 


of cases where it is possible to hold the casting with one hand, tl 


leverage stick as shown in Fig. 3 is the only tool used. This stic! 
ean also act as a holding device, by shaping it to fit the contow 
of the casting. The leverage stick appears to be a very crude piece 
of equipment, but it is hard to Improve on when used by a Skilled 
operator. On many jobs it is possible to increase metal removal 


50 per cent by the use of this stick. 


Radical improvements in grinding room technique have 
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When rib is too weak 
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ao Clarnping Device 1 
fess apt to break off prevent Casting from 
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Locating 


O Point 


When top of Gate is not flush 
with Casting and Locating Points 
are on same side as Gate, the 
Knife, 1f a litte dull, will push 


shear as Casting away from Stops or 
above cause Knife to start at an angle 


Fic. 4—Typicat GaTes FoR SHEARING. 


Gates must be free of defective iron. An operat 
may distinguish hardness, and shrunken or spong) 
iron at the gate. Hardness is determined by the sna; 
with which the gates break off. Shrunken or spong) 
iron tears out or breaks in at the gate when sheared. 
It is found that decarburized iron has a tendency to 
cause the sheared gates to stick to the shear knife. 


Gates should be properly designed for shearing 
Fig. 4 (A, B, C and D) illustrate this. The top 0! 
the gate should be flush with the castings as shown 
in Fig. 4 (A, B, C). This gives the knife a good 
starting surface and prevents it from running. When 
the top of the gate is not flush with the casting and 
the locating points are on the same sides as the gate, 
as in Fig. 4 (E), the knife, if a little dull, will push 
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the casting away from the stops, or perhaps start 
at an angle. 

Fig. 4 (B, C, D) illustrate good types of gates to 
use whenever possible. By keeping the lower edge 
of the gate away from the casting, or the anvil, 
the corner of the casting is strengthened and is less 


apt to break in. 


When it is necessary to shear a gate as shown in 
Fig. 4 (D), due to weakness of the rib (a), the gate 
should form an angle of 90° with the casting so as 
to provide a good starting point for the shear knife. 


The shear knife will slide along the 2° clearance 
angle giving a clean shear, with less possibility of 
hitting the top of the casting. Castings of the type 
shown in Fig. 4 (C), having a rib, (b) strong enough 
to support the shear stress, do not require a shearing 
anvil, but most generally require a clamping device 
to keep the casting from tipping. 

Production of castings must be sufficient to warrant 


die expenditure. 


Fic. 5—50 Ton ECCENTRIC SHEAR PREss AND HOPPER SET-UP. 
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Section A-A 


Fic, ¢ DE Die DeEstcGn Usep For HUBs, DIFFERENTIAL CASES AND FLANGES 


A 50 ton shear machine is recommended for use in 


earing up to 1 sq. in. of metal. As the cross se 


area of the gate increases the capacity of tl 
machine should also be increased. Fig, 5 illustrates 
1) ton shear press. 
CONSTRUCTION OF DIES 
9. The essential parts of a shear die are: 
] A support or shear anvil for the casting to rest upol 
2) Stops which locate the casting in the shear position 
o A holding device to prevent the casting from shifting 
out of location during the shearing operation 
t A shear knife for gate removal. 
These ] ire con 0 various die designs to suit the cl 
acterist of castings for which they are intended. 
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10. Typical shear dies are shown in Figs. 6-7-8 which in 
ide the basic principals used on the majority of die designs. 


11. Castings, such as hubs, differential cases and flanges are 
sheared in dies similar to the one shown in Fig. 6. Dies of this 
ype have adjustable locating stops on both sides of the gate. The 
vasting rests on an anvil and is held against the locators by raising 
the front side of the casting until the tube end strikes the stop. 
In dies of this design, when two gates on a casting are sheared 
‘onsecutively, it is possible to position the second gate during the 
return stroke of the press. To do this, just enough clearance is 
allowed under the tube of the casting so that the casting may be 
tipped back to clear the locators and permit spinning to the next 
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Double Dies are built 

to overcome confusion 
of right and left hand 
Castings, e/iminating 
sorting before 
shearing 
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I * Jyerau, Or a Two Gate SHEAR Dik SHOWING CLAMPING DEVICE AND DESIGN OF 
Casting WHICH Dogs Not REQUIRE a SHEAR ANVIL. 


gate. On some castings using this type of die, it is possible to 
shear a gate with every stroke of the press. 


12. When laying out castings on a pattern, it is sometimes 
necessary to gate some of the castings right hand, and some of the 
castings left hand. The differential bearing cap is an example of 
this. When designing a die to take care of this condition, one side 
is constructed to shear the left handed gates and the other side to 
shear the right handed gates. This eliminates sorting the castings 
before shearing. This type of die is shown in Fig. 7. 


13. It is possible to shear more than one gate at a time, if 
both gates can be properly located and are not directly opposite 
each other. Such a die is shown in Fig. 8. Additional character- 
isties of this die, are the elimination of the shearing anvil and the 
addition of a clamping device. 
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14. The essential parts of a die must be very rigidly designed 
means employed to hold these parts in relation with one an- 
er without loosening. Provisions must be made for the upkeep 


worn surfaces. 


15. The die shown in Fig. 6 has an adjustable locator set 

slot running in the direction of adjustment and secured by 

ist two Allen Head Serews. The locating point consists of a 

bearing set in the locator so that about one-third of its area 
s exposed. This steel ball is held in place by a cup point set screw 
ind locked with a jam screw. This construction permits the ex- 
posure of new surfaces as they become worn and a quick replace- 
ment of stops when necessary. 


16. Shearing anvils should comply with certain standards as 
shown in Fig. 9. Anvils are used to support the castings at the 
point of shear. When these anvils are set up properly against the 
knife they will prevent the gate from breaking into the casting, 
and also the casting from tipping. The top side of the anvil should 
taper back from the shear edge so that there is at least 2° clearance 
between the anvil and the castings. The purpose of this is to insure 
a contact of the casting on the anvil at the point of shear. The 
front side of the anvil should have a 2° clearance for rake. 

17. The shear knife should pass the shear point of the anvil 
at least 44 in. so the gate will cut clean. This also aids in wiping 
the gates off of the knife when they have a tendency to stick. 
Anvils have a tendency to imbed into the die holder, therefore 
they should cover ample area to reduce this wear. A lip starting 
about 14 in. down from the shear edge, on a 45° angle and extend- 
ing toward the chip hole, supports the front side of the anvil and 
prevents the lever action which is set up during shearing. If this 
lip is not included in the die, the shear stress causes the anvil to 
tip, imbedding the front side more than the rear and is responsible 
for the loosening and breaking of the screws holding the anvil. 


18. Anvils should be set up in slots to prevent them from 
getting out of location. They are secured with Allen Head Screws 
or forced against a shoulder support by means of clamping screws. 
Anvils should be made of a high grade tool steel and hardened to 
60 Rockwell. It has been found that steel of the analysis shown in 
Table 1 has been satisfactory for shear anvils. 
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MAINTENANCE OF ANVILS AND STOPS 


19. 


the repairing of worn surfaces on the locating blocks is accom. 


The rebuilding of the cutting edges on the anvils and 


plished by the use of tool weld electrode. Repairing of dies with 
this type electrode renews the life of the worn parts equal to the 


Table 1 
ANALYSIS OF STEEL USED FoR SHEAR ANVILS 


0.66 to 0.75 
0.10 to 0.20 
0.025 max. 


Carbon Sulphur 


Silicon 


0.025 max 
0.20 to 0.35 
0.15 to 0.95 


Manganese 
Phosphorus 


original material. The advantages of tool weld electrode is that it 
gives a quick and satisfactory job. This metal will withstand shock 
to a very satisfactory degree and the hardness of the repaired 
parts will remain at approximately 60 Rockwell hardness, without 
additional heat treatment. 
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SHEAR KNIVES 


20. Shear knives may be made in various shapes depending 
the contour of the casting as shown in Fig. 10. Clearance 
lip angle, and the backing angle are essentially the same in 

nstances, and are shown in Fig. 9. The lip angle on the 

shear knife is varied somewhat to suit conditions. When the 
sheared gates have a tendency to stick to the shear knife, the lip 
ngle is reduced. When the casting is depressed excessively in 
rout of the gate and produces a tear or check, the lip angle is 

reased. To obtain a clean straight shear, the shear knife should 
perate without clearance between it and the anvil. The knife de- 
termines the point of shear on top of the gate, and the anvil the 
int of shear at the bottom. When teo much clearance is pro- 
ided a leverage is produced on the casting. This leverage will 
tip the casting and cause excess stock to be left at the bottom of 


the cate. 


are 











Fic. 10—PHoTto SHOWING How THE SHEAR KNives ARE SHAPED To FIT THE CONTOUR 
OF THE CASTINGS. 
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Fic. 11 4) How Excessive Ferper Heap Lerr on Gate Witt Cause KNIFE To Break. 
B) SHRUNKEN oR SponGcy Gates Witt Cause Gates To WEDGE BETWEEN KNIFE AND Any 


21. Chipping or breakage of shear knives ean be traced to 


the following causes: 
Gates sticking to the knife edge. 
Excessive feeder left on the casting. (See Fig. 
Castings not properly located in the die. 
Too much clearance between the anvil and the shear 
knife. 
Shrunken or spongy gates which cause the gates to 


wedge between the knife and the anvil. (See Fig. 
11 B.) 


22. The shear knives are made of a high grade tool steel 
which provides the maximum strength. They are usually hardened 
in the blacksmith’s fire and drawn back to 60 Rockwell hardness 
at the eutting edge. The steel used for making shear knives is of 


the same analysis as shown in Table 1. 


ADVANTAGES OF SHEARING COMPARED WITH GRINDING 


23. Faster metal removal is without a doubt the most out 
standing advantage of shearing compared with grinding. On small 


gates weighing approximately 14 oz. to 14 oz., this advantage is 


not so noticeable; however, when considering larger gates weighing 
1 oz. to 4 oz. a decided difference is apparent. On many castings 
6 lb. of metal can be removed by shearing in the same time that 
1 lb. of metal is removed by grinding. When shearing a casting 
such as shown in Fig. 12, the metal is removed at the rate of 
225 lb. per hr. When grinding the same type casting the metal 


removal is 37.5 lb. per hr. 
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I 12—Puoro SHOWING a SHEAR Dik AND a HUp BEFORE AND AFTER SHEARING, Ir 18 f : 
PossIBLE To REMOvE 225 PouNDs or Meta. Per Hour SHEARING THis TYPE oF CASTING 
witn THis Diz DESIGN, 


24. The metal removed by shearing is saved and can be 
emelted. In many cases the metal saved offsets the productive 
bor required for shearing whereas the metal removed by grinding 
sa loss. The cost of grinding wheels is also another important 
factor to consider, as this item equals approximately one-half of 
the grinding expense. 

25. In grinding castings, it is necessary to dress the wheels, 
adjust the grinding rests and change grinding wheels. All these 





factors tend to reduce production. After a shear die is set up, it | 
requires very little attention. It is common practice to shear 15,000 
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20,000 gates before sharpening the knife or repairing the anvil, 
26. A sheared casting is far superior in quality compared 
with a ground casting. The human element is very largely removed 
in shearing, whereas in grinding the operator’s judgment rules, 
Serap losses are higher in grinding than in shearing. More time 
is also required to grind a gate to the true shape of a casting. 
27. When grinding a large gate, the heat set up by friction 
will form a burr on the bottom edge of the casting. In many eases, 
this burr is objectionable and must be removed either by an addi- 
tional grind or a tumbling operation. This condition seldom oceurs 
in shearing if the anvil and the knife are set up properly. 
28. Shearing of two gates from a casting with one stroke of 
the press is common practice. This would be impossible to do from 


FrG. i18—iHis ILLUSTRATES THE SHEARING oF TWo GATES FROM a CASTING WITH ONE 
STROKE OF THE Press. Nore THE Use or Two Convex KNives WHICH ARE SHAPED TO THE 
CONTOUR OF THE CASTING, 








S, D. MARTIN 393 





Fic. 14—THIs Picrure ILLUSTRATES a4 COMBINATION SHEAR AND BROacH Die Usep For AN 
ApyusTinG Nut, THe TuBe Is SWEDGEN AND THE GATE SHEARED WITH ONE STROKE 
OF THE PRESs. 

1 grinding standpoint unless a special grinder were purchased. 
In most cases, this is not practical. See Fig. 13 for an illustra- 


tion of a two gate shear. 


29. It is possible to combine shearing with other operations 
and thereby show a considerable saving. Castings, such as flanges 
or adjusting nuts, which have tubes that must be broached or 
swedged, lend themselves to combination dies. Fig. 14 shows a 
combination broach and shear die. Experiments are now in prog- 
ress to press and shear castings in one operation. It is believed 
that this can be accomplished by the use of a crank press. 

30. Another advantage of shearing compared with grinding 


is the better working conditions encountered. Shear operators do 
not come in contact with the emery dust which is usually present 


+ 


at a grinding operation. 


CONCLUSION 


31. Foundry men should be very interested in more efficient 


means of removing gates. Castings are made in large groups in 
molds, but are usually handled singly in the finishing department. 
Many times, it is found that removing of gates from a casting is 
more expensive than the actual molding. Through the medium of 
research and engineering, more economical and less fatiguing 
methods of removing gates are being devised daily. 
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DISCUSSION 


Presiding: J. H. LANSING, Malleable Founders’ Society, Cleveland, ( 


E. ToucepA:! We have heard a very wonderful paper as it is th 
type of paper that the industry wants. I believe it is very, very im 
portant to stress the fact that in cutting off the gates one can detect 
a hard casting. In other words, every casting really is inspected except 
for shrink, and I think that is a very important matter in that it would 
prevent in large measure a customer getting a hard casting with th 
ruination of a milling cutter or other tool. 


MEMBER: How small a run of castings has the author found 
economical to shear instead of grind. On the average run I realize t} 
die cost enters into the proposition. 


Mr. MARTIN: One must have a sufficient amount of production t 
warrant die expenditure, although dies are not as expensive as some 
might think. Shear machines, of course, are quite expensive. But | 
would say if you had your shear machine, that any casting with a pro- 
duction of from 10,000 to 15,000 would be profitable to shear. I brought 
out the point that the metal that is removed can be saved and remelted 
and in many cases that offsets the die expenditure, or part of the pro- 
ductive labor. 


H. A. SCHWARTZ:* Does the author think there is any point in the 
fact that when you shear gates, you do not heat the area, which you 
might do very considerably if you have a very heavy grinding opera- 
tion, and therefore you do not get any re-hardening and you get better 
machining on the sheared surface and also less likelihood of grinding 
cracks on that surface. 


Mr. MARTIN: That is very true. Another point I could make 
that when grinding castings, especially a large gate, the heat set uy 
by friction usually forms a burr at the bottom of the gate. In some 
cases, this is objectionable and it must be removed by an additional 
grind or tumbling operation, but when shearing, this does not occur, 
providing the knife and the anvil are set up properly. 


CHAIRMAN LANSING: In connection with Dr. Schwartz’s remark | 
believe the experience of some of us has been that we haven’t had s 
much difficulty with gates ground after the castings have been annealed, 
but with gates ground in the hard, where there may have been a strai! 
in the casting so that very often, due to the heating, a crack has d 
veloped. Is that what you had in mind, hard iron grinding? 


Dr. SCHWARTZ: No, I had malleable in mind, because I have seen 
thin work suffer very badly, and I would suspect that heavy work might 
re-harden. 


‘ Malleable Founders’ Society, Cleveland, O. 
? Mer. of Research, National Malleable & Steel Casting Co., Cleveland, 0. 
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CHAIRMAN LANSING: I have noted difficulty from cracks particu 
arly in hard iron grinding, but of course, can see the possibility of 
some rehardening of very light sections when ground rapidly and under 

derable pressure, after anneal. 


MEMBER: Do you clean the castings before you shear? 


Mr. MARTIN: We are cleaning most of them now. However, we 
are shearing some of them before they are cleaned. Of course when 
shearing a casting before it is cleaned and there is a considerable 


to keep the anvil free from sand. We can shear before we clean the 
asting but have to take certain precautions. It is a little bit tougher 
shear knives, also. 


MEMBER: About how much longer life do you get out of a shear 
fe by cleaning the casting before shearing? 


Mr. MARTIN: We usually shear from 15,000 to 20,000 gates with 
shear knife before sharpening and I believe we can shear at least 
10,000 or 12,000 castings which are not cleaned. 


MEMBER: Mr. Martin with the shearing operation are the sheared 
astings commercial finished castings, in other Words is the operation 
lose enough so no finish grinding is required? 


Mr. MARTIN: There is no finish grinding operation. In other words, 
the gate is completely removed from the body of the casting. Of course, 
there are times, when the die isn’t set up properly, that one will leave 
a little excess metal, but that is due to set-up conditions. We shear 
completely. In other words, the casting is sheared and shipped. 


MEMBER: Does the author always grind the cutting edge of his 
knife straight or does he ever put them on an angle or a vee shape? 


Mr. MARTIN: We always cut the edges straight, and as I men- 
tioned, the only thing that changes in the shear knife is the lip angle, 
due to two conditions previously discussed. 


MEMBER: What is the factor that determines whether you shal! 
grind a gate or shear it? Is it the weight of the metal to be removed? 


Mr. MARTIN: Not necessarily. If one has a casting with a tre- 
mendous amount of production, even though the gate is small, it is 
advisable to shear it. Naturally, your bigger savings are in the larger 
rates, 


MEMBER: In the use of these dies for your shearing operation, 
have you found it necessary to clamp the casting down mechanically 
or have you used a spring-operated clamp or something like that to hold 
them down while you shear them? 


Mr. MARTIN: You mean the casting to the die? In most cases it 
s not even necessary to have a holding device. 
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MEMBER: You just hold them by hand? 


Mr. MARTIN: That is right, except where you are shearing a gate 
that is gated off from a rib, which might have a tendency to set uy, 
leverage action. In this case, a hand operated lever is used. The shear 
die is bolted to the base of the shear press. The die must be held rigid 
This is accomplished by using four hold-down bolts, one at each corne: 


of the die. 


W. H. DoerRFNER:? If any one is really interested in shearing, we 


is ™ , 5 
an will be very glad to have them come to our plant at any time. We 
have a perpetual open house. 
CHAIRMAN LANSING: One point not mentioned in the paper — is 
dust. Naturally, one has better working conditions with shearing than 
; with grinding. 
’ 
Say General Manager, Saginaw Malleable Iron Div., General Motors Corp., Saginaw 


Mich 

















Some Factors Involved in Hardening and Tempering 
Gray Cast lron 


By G. A. Timmons,* V. A. CrosBy* anp A. J. HERrziG,* 
DetroitT, Micu. 


Abstract 


Several gray cast irons, including one unalloyed and 
five alloy irons, were heat treated in the conventional 
manner, by flame hardening and in a manner suited to 
a study of the effect of quenching temperature on the 
combined carbon content. The physical properties and 
hardenability of the irons were determined and the micro- 
structures examined. Factors entering hardening and 
tempering cast iron in addition to those involved in the 
heat treatment of steel are clarified. 


INTRODUCTION 

1. The possibility of expanding the field of usefulness of a 
material, the basic advantages of which cannot be questioned, lies 
in the practice of heat treating gray cast iron. The heat treatment 
of gray cast iron has been practiced in one form or another for 
many years. In this practice little attention has been given to the 
inherent difference between steel and cast iron. Its response to 
the various well known treatments applied in the past has been of 
such practical importance that heat treatment has now become a 
significant part of the metallurgy of cast iron. 


2. The types of treatment most commonly practiced fall into 
three classes: (1) Drawing to relieve internal stresses; (2) An- 
nealing to decrease hardness; (3) Rapid cooling from above the 
critical temperature to increase the hardness and strength, gen- 
erally followed by a drawing treatment to modify the ‘‘as 
quenched’’ characteristics. These three classes do not represent 
the only methods which have been used to change the properties 
of cast iron subsequent to solidification. Nitriding, and, more re- 
~ * Climax Molybdenum Company. 


_ Nore: Presented before Gray Iron Session of the 48rd Annual A.F.A. Convention, 
Cincinnati, Ohio, May 18, 1939. 
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cently, induction hardening and flame hardening have also beey 
applied. With the exception of nitriding, these practices are jn 


reality sub-headings of class 3. 


3. Drawing gray cast iron to relieve internal stresses simply 
implies that the iron be raised to a temperature in the order of 
800 to 1200°F. for a sufficient length of time to permit movement 
in the casting releasing the stresses. This practice has largely 
superseded the older aging treatment which consisted in allowing 
the castings to remain in the foundry yard for a relatively long 
period of time. Stress relief drawing merely shortens that time 
and has little effect on the hardness and tensile strength of the 
iron. The practical advantage gained is the prevention of distor 


tion after machining. 


t+. Annealing gray east iron to decrease hardness and facili 
tate machining employs higher temperatures than those used in 
stress relieving treatments. Subjecting gray cast iron to tempera- 
tures ranging from 1250 to 1450°F. results in appreciable soften- 
ing. Annealing is invariably accompanied by some degree of 
graphitization which is partly responsible for the lower resultant 
hardness. 

Table 1 
Compositions oF Cast [Rons PRopUCED COMMERCIALLY BY THE 
DUPLEXING PRocEss 


No, 1 No. 2 
Per Cent Per Cent 

frre 3.19 3.10 
Combined Carbon ........... 0.69 0.70 
EE a0 60.G Vs. Gee oe 2.50 2.40 
ID, 5-0 s.9-+ ale paren 0.76 0.80 
I is drarcncsla 4 54 we eee 1.70 2.05 
a ar ee 0.013 0.45 
ES, Pssc a wae yoo owie wars 0.03 0.27 
a errr None 0.37 


5. Hardening and tempering cast iron has more recently be- 
come common practice. By hardening and tempering, the struc- 
ture of the ‘‘as cast’’ iron may be greatly modified, thereby effect- 
ing important changes in the physical properties of the material. 
The ever widening use of hardening and tempering of cast iron 
has led to some widely accepted but unproven opinions, the more 
prominent of which are: (A) Hardened and tempered cast iron 
is superior to ‘‘as cast’’ iron in all respects; (B) By simple heat 
treating cycles the impact properties, transverse strength and de- 








4. TimMONS, V. A. CROSBY AND A. J. HERZIG 399 


tion of cast iron may be controlled at will. It is intended to 
liscuss in this paper some of the factors involved in the hardening 
| tempering operations and to present the physical properties 
few commercial grades of hardened and tempered cast irons. 
The discussion and data will indicate that the hardening and 
tempering of cast iron involve some considerations not yet gen- 





lly known. 
REVIEW OF THE LITERATURE 

6. The changes which take place in cast iron when the tem- 
yerature is raised from room temperature through the critical 
temperature have been recognized in the work of others. Espe- 
illy has it been recognized that graphitization and resolution of 
eraphite may play a significant part in the response of cast iron 
to heat treatment. McElwee'* suggested that graphitization could 
take place below the critical temperature and that a resolution of 
‘arbon above this temperature was possible. Walls and Hartwell? 


showed that the minimum hardness for a east iron resulted from 

quenching the iron after a soak at 1450°F. They also pointed 

out that bars air quenched from 1800°F. gave higher strengths at : 

lower Brinell hardnesses, and that the hardness increases and the 

graphitic carbon content decreases as the quenching temperature : 

is raised. | 
7. In Hurst’s paper entitled ‘‘The Heat Treatment of Cast : 


lron by Hardening and Tempering,’’* further reference to graph- 
itization and resolution of graphite on heating to temperatures 


above the critical is made. Hurst noted ‘‘that the hardening effect | 
in east irons is not of necessity proportional to the amount of com- 

bined carbon present initially’’ and ‘‘it would appear from results ; P 
of this nature that the hardening effect may be brought about in t 
part by the solution of graphite.’’ Eddy* stated ‘‘hardening re- t 


duces the strength from 10 to 40 per cent, the original strength 
being restored by progressively higher tempering.’’ Marcel Ballay® 
concluded ‘‘the importance of combined carbon which is a function 
of the chemical composition and thermal history is difficult to 
determine and has never been clearly established.’’ 


8. In enlarging upon some of these earlier observations, this 
paper divides into three parts: 
Part 1: Graphitization and resolution of graphite at 
quenching temperatures. 


* Superior numbers refer to bibliography at end of paper. 
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Part II: Graphitization during rapid heating. 

Part III: Physical properties of quenched and drawn 
gray cast irons, 

Graphitization and Graphite Resolution at Quenching 


Temperatures 


9. The effect of increasing the quenching temperature on the 


combined carbon content was determined on two east irons com. 


mercially produced by the duplexing process and of the composi- 


tions shown in Table 1. Samples 1.2 in. diameter by 2 in. long 
were cut from standard A.S.T.M. arbitration bars. Samples were 
placed in a furnace already at the desired quenching temperature, 
held in the furnace for one hour, and then immediately quenched 
into oil. The quenched samples were cut on planes perpendicular 
to the axes. One-half of each sample was used for hardness deter- 
mination and microscopic examination, the other half for combined 
carbon content determination. The results of these tests are given 
in Table 2. Composite pictures of the variation in structure are 


given in Figs. 1 and 2. 


Table 2 
RESULTS OF TESTS ON QUENCHED SAMPLES OF CAsT [RON 


Plain Cast Iron Cr-Ni-Mo Cast Iron 
Combined Brinell Combined Brinell 
Carbon Hardness Carbon Hardness 
Per Cent Per Cent 
As Cast 0.69 217 0.70 255 
After quenching 
from: 
1200°F. 0.54 207 0.65 250 
1250°F, 0.38 187 0.63 241 
1300°F. 0.09 170 0.59 229 
1350°F. 0.09 143 0.47 217 
1400°F. Nil 137 0.45 197 
1450°F, 0.05 143 0.42 207 
1500°F. 0.47 269 0.60 444 
1550°F. 0.59 444 0.69 514 
1600°F. 0.67 477 0.76 601 


10. The as cast structure of the plain iron consists princi- 
pally of graphite and pearlite. After quenching from 1200 and 
1250°F. the structure was still pearlite and graphite. The structure 
showea no apparent change although the combined carbon content 
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had been reduced to 0.38 per cent and the Brinell hardness had 
dropped considerably. At 1300°F. the pearlite had become par- 
tially spheroidized, the carbon migrating to the graphite flakes, 
leaving the center of the former pearlite grains a ferritie area. 
At 1350°F. there is more ferrite present. At 1400°F. and 1450°F. 
there are still traces of pearlite adjacent to the graphite flakes and 
the ferrite has started to recrystallize, so evidenced by the forma- 
tion of distinct grain boundaries bordering polygonal grains. 


11. The temperature of 1500°F. produces a distinctly differ- 
ent type of structure. This temperature is evidently in the range 
shown on the equilibrium diagram given in Fig. 3, designated as 
the alpha (a) + gamma (y) + Ca area, where ferrite, austenite 
and graphite can co-exist. 
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‘1G. 3—SECTION OF IRON-CARBON-SILICON Equitrsnium D1aGRAM aT 2 PER CENT SILICON. 
(From “A.Loys oF IRON AND SILICON.’’) 


12. The iron was almost completely graphitized as the tem- 
perature approached 1450°F. The structures observed in the 
flame hardened specimens dealt with later in this paper reveal that 
the rate of graphitization is extremely rapid and the indications 
are that the sample had more than sufficient time to become ferrite 
and graphite. Now as this area of alpha + gamma + Ca was 
reached, part of the ferrite absorbed 0.47 per cent carbon, forming 
austenite grains which contained all of the combined carbon, leav- 
ing the remaining ferrite as it was before. During the quenching 
operation the austenite which had formed at 1500°F. transformed 
to fine pearlite which is the dark etching constituent shown in 
Fig. 4A. 
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PLAIN IRON QUENCHED 1500°F, ErcHep 2 per ceNT Nita, X500, 
IRON QUENCHED 1500°F, EvcHEp 2 PER CENT Nurat. X500. 

13. The diagram (Fig. 3), reproduced from Greiner, Marsh 
and Stoughton’s book entitled ‘‘ Alloys of Iron and Silicon,’’ re- 
fers to a plane running through the solid, three dimensional, ter 
nary diagram at 2 per cent silicon. With regard to this alpha 
gamma + Ca area, the following statement has been made: ‘‘The 
alpha + gamma -+ Ca area (the pearlite interval) .. . exhibits 
a temperature variation with carbon which has not been found 


experimentally, but this simply means that graphitization in high- 


earbon alloys reduces the amount of combined carbon to the extent 
that observed transformations are not the transformations of alloys 
of any total-carbon content but are the transformation of alloys 
of lower combined-carbon content.’’ 


14. The diagram also indicates that with 2 per cent silicon 
the eutectoid carbon concentration of an iron-carbon-silicon alloy 
will be at 0.55 to 0.60 per cent carbon and the eutectoid tempera- 
ture will be about 1450°F. The diagram indicates that the gamma 
solid solution is capable of dissolving 1.4 per cent carbon at 
2012°F. These values are of course altered by the presence of 
other elements. 


15. Above 1550°F. the iron is all in the gamma phase and 
the combined carbon content depends on the temperature. As the 
temperature increases the combined carbon increases resulting in 
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higher hardnesses. Quenching the iron from above the critical 
temperature produces a microstructure of martensite and graphite. 
The combined carbon at this temperature results from a ecarburiza- 
tion of the matrix by diffusion of carbon from the graphite flakes 


ind is limited only by the solubility of carbon in gamma iron at 


any specified temperature and the time required for equilibrium 


onditions to be attained. 


16. The alloy iron exhibits a similar trend but due to the 
alloys retarding graphitization to such an extent that it cannot 
become fully completed in the short space of 1 hr. the carbon 
content never goes below 0.42 per cent. The peculiar looking struc- 
ture found in the plain iron after quenching from 1500°F. is 
found in the alloy iron after quenching from the same tempera- 
ture, although there is considerably less ferrite (Fig. 4B). 


17. The structures as found in connection with the com- 
bined earbon content and Brinell hardness, as reported in the 
table, support the notion that at temperatures in the neighborhood 
of 1250°F. graphitization begins and proceeds to completion if 
sufficient time is allowed at a rate dependent upon composition. 
These conditions were fulfilled in the case of the plain east iron 
on the 1400°F. quench. In the ease of the Cr-Ni-Mo cast iron, 
although graphitization was occurring, it was proceeding at such a 
slow rate at this same temperature that in 1 hr. the combined car- 
bon content had been reduced only to 0.45 per cent from 0.70 per 
cent. When the iron was heated to higher temperatures resolution of 
the graphite occurred in both irons, the structure of the matrix 
finally becoming fully martensitic upon liquid quenching. It ap- 
pears the earlief opinion, that the hardening of cast iron by 
quenching is dependent to an important degree upon the amount 
of carbon which has been redissolved prior to the instant of 
quenching, is fully confirmed. 


Part Il.” Graphitization During Rapid Heating 

18. If the resolution of graphite is an important factor in 
the hardening of gray cast iron by quenching, some knowledge 
of the time involved in the process of graphitization and resolu- 
tion of graphite during heating is essential to the understanding 
of the hardening mechanism. The time factor may be all im- 
portant in such practices as flame hardening which has become 
popwar during the last four or five years. Flame hardening in- 
volves the rapid heating of the surface to a temperature well above 
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the critical followed by either air or liquid quenching. It was de. 
cided to examine the flame hardening of six irons to determine 
whether or not graphitization and resolution of graphite still con. 
trolled the hardening mechanism. The entire cycle in this flame 
hardening experiment covered an elapsed time of not more tha) 
1 min. The compositions of the irons used in this test are givey 


> 


in Table 3. 


Flame Hardened Specimens 

19. One specimen 1.125 in. diameter by 4 in. long of each 
analysis was flame hardened. Each specimen had a machined 
surface, was properly centered, and set up in a lathe. A specia 
head with four tips using a mixture of oxygen and acetylene made 
possible a flame hardened surface 114 in. wide. 


COMPARING DEPTHS OF HARDNESS PENETRATION IN FLAME HARDENING EXPERIMENT 


20. The flame hardening operation was conducted at a speed 
of rotation of 400 r. p. m. From the instant the flame was brought 
into contact with the specimen until it was shut off and the sample 
flooded with water the total elapsed time was 40 sec. The max- 
imum surface temperature was 1700°F. 


Table 3 
COMPOSITION OF IRONS USED IN FLAME HARDENING TEsTS 


PlainlIron MolronA MolIronB Ni-Mo Cr-Me Cr-Ni-Mo 
8.19 3.22 3.20 3.22 3.21 3.36 
0.69 0.65 0.58 0.53 0.60 0.61 
2.50 2.57 2.62 2.69 2.61 2.75 
0.76 0.75 0.64 0.66 0.67 0.74 
1,70 1.73 1.76 2.02 2.24 1.96 
0.216 0.212 0.187 0.114 0.114 0.158 
0.097 0.089 0.054 0.067 0.071 0.070 
0.013 0.47 0.48 0.52 0.52 0.47 
None None Trace 1.21 0.06 0,52 
0.03 0.08 0.005 0.02 0.50 0.35 


21. The comparative depths of the flame hardened portions 
of the samples are shown in Fig. 5. The cross sections shown were 
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G 


from the center of the hardened portions, surface ground, 


olished, and etched in Nital solution. 

29 Rockwell hardness determinations were made on con- 
circles at various depths below the surface of each speci- 
The average of ten readings on each circle is given in 

lable 4. 

Table 4 
RocKWELL © HARDNESSEs AT INDICATED DEPTHS BELOW 
THE SURFACE OF Eacu FLAME HARDENED SAMPLE 


Plain Tron Mo-A Mo-R Ni-Mo Cr-Mo Cr-Ni-Mo 
Surface 15 55 56 52 58 52 
32 below surface i9 55 55 51 53 52 
16 i ‘ os 47 54 54 50 52 52 
ain ** = 40 54 54 4+ $2 to 49 54 
g in 20 to 39 32 to 50 50 40 18 to 32 53 
32 in 20 32 30 to 48 19 i8 52 
2 in 18 16 18 19 18 81 
16 ir 16 16 18 19 18 17 
Cente 10 10 17 16 16 15 
23. The structures of these samples were examined under 


the microscope, and it was found that in the case of the plain iron 
a transition zone occurred wherein even with this most rapid 
heating and cooling operation graphitization had taken place. 
Microstructures paralleling those obtained in Part I were found 
in the transition zone on plain iron, but, as would be expected, 
the alloy irons having slower graphitization rates did not show 
sub-surface layers of high ferrite content. 


24. The centers of the flame hardened specimens were, for 
the most part, coarse pearlite. The plain iron, the two Mo irons 
and the Ni-Mo iron had small amounts of ferrite adjacent to the 
graphite flakes. There was no indication that the centers of these 
samples were raised to above 1000°F. and it is quite likely that 
the maximum temperature in any case was below 500°F. due to 
the rapidity with which the surfaces were heated. 


25. In the plain iron, this structure gradually changes to a 
transition zone wherein the coarse lamellae of the pearlite are 
spheroidized and the quantity of ferrite is increased. This condi- 
tion grows to a maximum until almost all the pearlite has dis- 
appeared. The microstructures at this point have the same appear- 
ance as Fig. 1 (1450°F. quench). The next zone has the appear- 
ance of Fig. 4A, pearlite, ferrite and graphite. This zone then 
gradually merges into one where a low carbon martensite has 
evidently been formed by the quenching treatment. Here the fer- 
rite is diminished somewhat. As the structure farther from the 
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center 1s examined the quantity of low carbon martensite gradu 
ally inereases at the expense of the ferrite until the ferrite has 
‘completely disappeared. As the outer surface is approached the 
martensite becomes acicular, probably due to the increase in com 


bined earbon 


26. The structure found in the molybdenum irons was the 
same as In the plain iron except that there was no zone of ferrite 
and graphite. As far as could be ascertained there was no in- 
erease in ferrite at any point. After the zone where the pearlite 
had become partly spheroidized, there was an area composed of 
the light etching, low carbon martensite and nodular fine pearlite 
with some ferrite which undoubtedly was not affected. As the 
structure closer to the surface was examined the ferrite decreased 
and the fine pearlite decreased, the martensitic structure becom- 
ing more and more dominant until, at the surface, the structure 
was composed entirely of graphite and martensite, the latter be 
coming coarser and more acicular near the surface. 


27. The nickel-molybdenum iron had the same structures as 


the molybdenum irons except that in some locations there were 
small amounts of an acicular type of structure indicating that 
there had been a slight initiation of austenite transformation at 
temperatures around 700 to 800°F. However, these starts of 
transformation had been arrested almost as soon as they started 
by the rapid quenching treatment which foreed the rest of the 
austenite to transform at temperatures below 300°F. 


28. The chromium-molybdenum iron had no ferrite at al! 
at the center or at any other zone in the cross section. Evidently 
the chromium so stabilized the eutectoid carbide that none of it 
was able to dissociate in the short time required for heating. This 
iron contained a zone of transition composed of nodular fine 
pearlite and low carbon martensite. 


29. The chromium-nickel-molybdenum iron had the same 
structures as the other alloy irons, the only difference being the 
depth of the hardened zone. 


30. It is seen that graphitization of plain gray cast iron is 
exceedingly rapid and that relatively small additions of alloys have 
a marked effect in reducing the graphitization rate. The importance 
of reaching uniform temperatures well above the critical in treat 
ing plain gray cast irons is indicated. 








( \. Timmons, V. A. CROSBY AND A. J. HERZIG 407 


Pa III. Physical Properties of Quenched and Drown Gray 


( af Trons. 


31. With the foregoing assurance that the time involved in 
isual heating and quenching cycle was decidedly longer than 
ured to complete the graphite resolution ecyele, a study of the 
ysical property changes made possible by hardening and tem 
ering gray cast iron was undertaken. The same irons which were 
ised in the flame hardening experiment were heat treated in the 


wing manner. 


de) 


32. The full length transverse bars of each heat were placed 
in a furnace at 1575°F., held there for 1 hr. and oil quenched 
directly from the furnace. One bar of each analvsis was then tested 
n the as quenched condition. The remaining bars were drawn 
One bar from each iron was drawn at 200, 400, 600, 800, 1000, 
1200 and 1300°F. The drawing was accomplished by placing the 
bar in the furnace at the specified temperature and holding it 

re for 1 hr., after which time it was removed from the furnace 


d cooled in still air. 


3. The ‘*as quenched’’ and 


‘quenched and drawn’’ trans- 


rse bars were broken by transverse loading on 18 in. centers, 


ording the breaking load and the maximum deflection before 


ture. Charpy impact test bars 1.125 in. diameter by 8 in. long 
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Fic. 7—(A) STRUCTURE OF PLAIN IRON. AS QUENCHED. EtcHED 2 PER CENT Niurat. X500. 
(B) STRUCTURE OF ALLOY IRON. AS QUENCHED, ETCHED 2 PER CENT Nita. X500. 


were machined from the broken test bars without further treat- 
ment. After these Charpy impact specimens had been broken in 
testing, the broken halves of bars having Brinell hardnesses of 
over 300 were drawn at 1100°F. to facilitate machining of tensile 


specimens. 


34. The tensile bars, A.S.T.M. bars with gauge length diam- 
eters of 0.700 in., were then quenched into oil after 1 hr. in a 
furnace at 1575°F. The ‘‘as quenched’’ specimens were tested 
without further treatment, and the remaining samples were drawn 
at the temperatures designated above. Except for the transverse 
tests, all tests were run in duplicate. 


Notes on Testing 
35. The conditions under which the tests were run are as 


follows: 


Transverse Tests: All standard A.S.T.M. arbitration test 
bars—Specification A124-29. Broken on 18 in. centers. 

‘** As-Cast’’ Tensile Test Bars: 0.800 in. diameter. Speci- 
fication A124-29. 

Quenched and Drawn Tensile Test Bars:—Same as A124- 
29, except diameter at gauge length — 0.700 in. 
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Impact Test: 
(a) Charpy type specimen—simple beam. 
(b) Specimen 1.125 in. diameter—machined surface— 
8 in. long broken on 6 in. centers—unnotched. 
(ce) Velocity of hammer at instant of striking speci- 
men = 18.1 ft. per sec. 
(d) Distance between center of percussion and center 
of rotation = 2.625 ft. 
(e) Weight of pendulum = 23.57 Ib. 
(f) Temperature of tests = 70. to 74°F. 
(g) Initial energy of blow = 120 ft. lb. 
Impact and tensile figures are in every case the average 
of values obtained in two separate tests. 


36. Photomicrographs were made of the typical structures 
of the irons in the ‘‘as quenched’’ condition, after the heat treat- 
ment producing the highest tensile strength, and after drawing at 
the highest temperatures, 1300°F. These structures are shown 


ee 


in Figs. 6 to 9. 


37. In order to obtain a general conceptio:. of the effects 
of quenching temperatures on these irons, one bar of each analysis 
except molybdenum iron A) was heat treated and the Brinell 





Fic, 8—*A) STRUCTURE PLAIN IRON. QUENCHED AND DRAWN aT 800°F. ErcHep 2 PER CENT 
Nira. X500. (B) STRUCTURE ALLOY IRON. QUENCHED AND DRAWN AT 1000°F. EtcHep 
2 PER CENT Nitar. X500. 
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hardness determined as in Part 1. See Table 5. Physical prope 
ties of the irons as cast and as treated are given in Table 6. 








Table 5 
BRINELL HARDNESS OF VARIOUS QUENCHED IRONS 
Quenching 
Temperature Brinell Hardness 
7 "7 Plain Iron Mo Iron B Ni-Mo Cr-Mo Cr-Ni-M 
As Cast 217 223 241 235 235 
1200 207 218 205 217 220 
1250 187 207 188 222 215 
1300 170 168 161 210 199 
1350 143 163 149 198 182 
1400 137 143 307 190 270 
1450 159 311 355 208 370 
1500 269 477 469 487 A4T7 
1550 444 486 486 520 480 
i 1600 477 529 460 512 465 
’ * Hardness determinations are the average in each case of four readings taken in 


a circle half way from center to outside of 1.2 in. dia. bar. 


38. <A study of this table will show that quenching has pro- 
duced the following changes in the properties of the irons: 

(a) The Brine! hardness was increased. 

(b) The tensile strength was reduced. 

(ec) The transverse strength and deflection were reduced. 





(d) The impact strength was reduced. 
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Table 6 


A. 


HERZIG 


PROPERTIES OF PLAIN [RON QUENCHED AND DRAWN 


Surface Transverse 
BHN lb, 
217 2620 
514 1320 
514 
461 al 
437 2335 
352 
285 2705 
217 2510 
187 


Deflection 
in. 
0.304 
0.121 


0.209 


0.2438 
0.230 


Tensile 
lb. per 8q. in. 
37,200 
25,000 


26,900 
41,100 
48,600 
53,600 
51,500 
42,900 
37,100 


Impact 
ft. lb. 
31 


PRopERTIES OF Mo Iron A QUENCHED AND DRAWN 


223 2820 
534 1540 
534 1540 
— © eimai 
461 2620 
888 aes 
321 2860 
238 2800 
217 


0.276 
0.138 


0.133 
0.216 


0.239 
0.248 


48,100 
25,900 


28,300 
44,600 
56,300 
54,200 
61,900 
51,500 
47,100 


PROPERTIES OF Mo Iron B QuENCHED AND DRAWN 


223 8060 
555 1700 
555 1680 
514 2310 
477 2680 
401 2860 
836 3080 
255 2820 
210 2930 


43,000 
28,900 


82,500 
47,600 
57,000 
60,800 
62,400 
56,100 
46,900 


44 


18 


22 
32 
32 
31 

84 
31 

40 


PROPERTIES OF N1-Mo IRoN QUENCHED AND DRAWN 


241 8000 
514 2290 
514 1610 
469 2750 
444 anovence 
875 3170 
821 8020 
241 2550 
190 2390 


0.301 
0.224 


0.140 
0.245 


0.271 
0.259 
0. 
0.237 








47,000 
33,800 


32,800 
54,500 
61,200 
63,300 
55,800 
52,200 
10,000 


45 
$1 


31 
43 
41 
89 
$1 
86 
86 


PROPERTIES OF Cr-Mo TRON QUENCHED AND DRAWN 


235 3190 
555 

534 2160 
505 8040 
477 on 
415 2710 
852 $260 
269 2860 
238 2890 


0.815 


0.205 
0.258 


0.222 
0.266 
0.236 
0.251 


48,400 
33,600 


32,500 
56,000 
59,800 
59,600 
66,900 
58,800 
52,400 


46 
29 


27 
38 
34 
32 
37 
42 
41 


PRoPERTIES OF Cr-NI-Mo Iron QUENCHED AND Drawn 


As Cast 

Quenched 

Drawn at 
200°F, 
400°F, 
600°F, 
800°F, 
1000“F, 
1200°F, 
1300°F. 





235 3000 
514 1540 
514 at 
477 2090 
444 2970 
401 2990 
831 2990 
_——————— 


228 2950 


0.265 
0.141 


45,200 
25,300 


27,900 
42,400 
52,500 
52,800 
56,800 
50,700 
45,400 


54 
25 


24 
38 
44 
87 
86 
45 
45 


0. 
0, 
0, 
0.7 


0. 


0 


0. 
0. 
0. 


0 


0. 
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$11 
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BRINELL 


BRINELL HARONESS 
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Fic. 10-—CHarRT SHOWING CHANGE IN PROPERTIES WitH DrawING TEMPERATURES. 


39. On drawing the quenched irons at successively higher 
temperatures, the following modification of properties resulted: 

(a) The Brinell hardness gradually decreased. 

(b The tensile strength increased to a maximum at 800 to 
1000°F. draw. At higher draws the tensile strength de- 
creased from this maximum. 

A recovery of transverse strength and deflection values 
is realized reaching but not materially exceeding the 


és > 
as cast. 


values 
A recovery of impact strength occurs, but this recovery 
does not bring about impact strengths as high as the 
original ‘‘as cast’’ values. 

40. Comparing the properties after the quench and draw 
treatment producing the maximum strength, with the original ‘‘as 
cast’’ properties, the following are found: 

(a) Higher hardness. 

(b) Higher tensile strength. 

(c) Substantially the same transverse strength. 

(d) Reduced deflection. 

(e) Reduced impact strength. 


41. Comparing the quenched and drawn irons of the qame 
, 
| 
] 


f 
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or approximately the same) Brinell hardness as the ‘‘as cast’’ 
iron, the heat treated irons will be found to possess : 

(a) Higher strength. 

(b) Slightly lower transverse strength. 

ce) Lower deflection. 

(d) Lower impact strength. 


42. The response of all the irons to the quench and draw 
treatment was qualitatively the same. A composite chart is given 
in Fig. 10 showing the general trend of hardness, tensile strength 
nd impact strength as the draw temperature is varied. 


43. Hardenability specimens were prepared from one trans- 
verse bar of each analysis. This specimen consists of a_ solid 
cylinder 1 in. in diameter by 2%4 in. long drilled and tapped at 
one end for a %g in. serew. This specimen was placed in a furnace 
at 1575°F. and held there for 1 hr. At the end of this time the 
specimen was removed and quenched in a fixture so designed that 
only the bottom surface of the cylinder was sprayed with water. 
This produces a continuous series of cooling rates throughout the 
length of each specimen, from a rapid water quench at the bottom 
end to an air cool at the top. Since size, quenching temperature, 


temperature of quenching medium, ete. are all constants, for all 
specimens, the hardness for corresponding points on the six 
specimens will be a function of the analysis of the irons and will 
be a eriterion of the respective abilities of the irons to harden at 
a given cooling rate. Those who wish to obtain a better knowledge 


60 


55 
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of this production method of checking hardenability are referred 


to a paper presented before the A.S.M. by Jominy and Boegehold} 

44. Two flat surfaces were ground longitudinally on each 
specimen diametrically opposite each other. The final surface was 
0.015 in. below the original cylindrical surface of the specimen 
Rockwell hardness readings were made every 1% in. along these 
surfaces. Values from each side were averaged and tabulated jy 
Table 7 

15. Points from three of the irons were plotted, producing 
the curves shown in Fig. 11. These results are interesting insofar 
as they show that the effect of alloys on the hardenability Of east 


iron parallels the effect in steel already widely accepted. 


RECAPITULATION 
16. There are certain inherent differences between stee] and 
east iron which result in significant modifications in the response 


to the usual quenching and drawing operations. 


17. When a pearlitic steel is heat treated by quenching and 
drawing, the process consists in raising the temperature of the 
steel above its critical temperature, in other words, to a tempera- 
ture where all the carbon present is in solution in gamma iron, 
then cooling the steel sufficiently rapidly to cause this solid solu- 
tion, austenite, to transform at temperatures in the range 300°F 
to room temperature. The product of this low temperature trans- 
formation is acicular in nature and is called martensite. Subse- 
quent drawing results in a precipitation of carbide particles. The 
size and distribution of these particles depends upon the time and 
temperature of the drawing operation, and the agglomeration o! 
carbides is the only change in structure on drawing. 

48. The same structural changes take place in the quenching 
and drawing of cast iron, but in addition there is always present 
in a gray iron an excess of carbon as graphite. 


49. An unalloyed, pearlitic iron containing 2 per cent silicon 


‘ 


in the ‘‘as east’’ condition, usually contains 0.60 to 0.65 per cent 
combined earbon. This is somewhat higher than the concentration 
of the eutectoid/as indicated in Fig. 3,/and is due primarily to the 
fact that equilibrium conditions cannot be attained during the 
-ooling of the castings which takes place at a comparatively rapid 


+ Jominy, W. E. and Boegehold, A. L., “A Hardenability Test for Carburizin 
Steel,”’ Trans. A.S.M., vol. 26, pp. 574-599 (1988). 
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Table 7 


I[ARDENABILITY Data — QUENCHING TEMPERATURE 1575°F. 


Distance from . Rockwell Hardness - 

enched end PlainIron Mo-A Mo-B Ni-Mo Cr-Mo Cr-Ni-Mo 

54 56 53 54 56 55 

in. 53 56 52 54 55 55 

. in. 50 56 52 53 56 54 

in. 43 54 51 53 55 54 

£ in. 37 52 50 52 55 53 

; in. 31 51 49 52 54 53 

g in. 26 51 46 52 54 52 

in. 26 49 45 52 54 BE 

s in. 25 46 45 52 53 52 

in. 23 46 44 51 50 51 

in 22 45 3 47 50 50 

in, 22 43 44 47 49 50 

g in 21 43 44 47 47 49 

1% in 20 40 41 45 47 48 

1% in 19 39 40 45 44 50 

mh 7 39 40) 45 41 47 

2% in 18 36 41 44 38 46 

2% in. 18 40 40 45 36 45 

23% in. 19 38 37 45 34 46 

2% in. 22 38 36 42 35 46 

256 in, 20 35 35 42 32 45 


rate. The alloyed irons show even higher combined carbon contents 
although there may be no carbide present as primary cementite. 
In this connection, it is interesting to note in Part I that the plain 
iron after drawing for 1 hr. at 1250°F. is still composed of pearlite 
and graphite although the combined carbon has been decreased 
by about one half. 


50. If a pearlitic iron is heated to a temperature of 1575°F. 
and held there for about three-quarters of an hour, the combined 
carbon is increased materially and may rise to as high as 0.89 per 
cent, as it does in the chromium-molybdenum iron. This increase 
in combined carbon results from solution and diffusion of the 
carbon from the graphite flakes present throughout the matrix. 
Thus, at the time of quenching, the cast iron part consists of a 
matrix of austenite of hyper-eutectoid carbon concentration and 
graphite flakes. When this is quenched in oil, the resulting struc- 
ture is, in each ease, an acicular martensite and graphite. See 


Fig. 7, 




















Seapwer oh tan ee 
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51. Upon drawing these quenched structures the carbide 
trapped in the martensite, as a supersaturated solution of carbo, 
in alpha iron, begins to precipitate and agglomerate as temperature 
and time are increased. The high silicon content of the iron-silicoy 
solid solution, coupled with the already present inoculating nucle 
of free carbon in the form of graphite flakes, tends to promote 
migration of the carbon of the matrix toward these centers of 
graphitization. This results in the possibility of lowering the com. 
bined carbon of the iron on drawing. / As the drawing temperature 
increases, this diffusion progresses more rapidly until at tempera 
tures of 1400 to 1450°F., in relatively short time, the iron woul 
become fully ferritic. 


} 
U 


CONCLUSIONS 
(1) Graphitization of unalloyed pearlitic cast iron takes place 
rapidly at temperatures from 1300 to 1450°F. 
(2) Resolution of graphite at temperatures above the critica! 
takes place rapidly. 


‘fas east’’ has no 


(3) The combined carbon content of the iron 
effect on the carbon concentration in the austenite at the in- 
stant of quenching. The quenching temperature, the time 
at heat and the chemical composition, in order of decreasing 
efficacy, are the controlling factors. 

(4) The effects of alloys on graphitization rate and transforma- 

tion rate are useful in controlling the hardenability of gray 

east iron. 

The quenching and drawing of gray cast iron is an effective 

method for increasing the hardness and tensile strength. 

These improvements are obtained, however, at some sacrifice 

in shock resistance, transverse strength and deflection. 
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DISCUSSION 
Presiding: A. L. BOEGEHOLD, General Motors Corp., Detroit, Mich. 


A. C. DENISON!: It is said some of the properties of impact and 
deflection and transverse strength are decreased on heat treatment and 
draw. I think there could be a little more research in connection with 
this observation because I feel that the time of draw has a great deal 
to do with the results at different temperatures, particularly in the 
lower ranges where the higher hardness is obtained. In some of the 
work that I have done, I find that the transverse strength is increased 
on heat treatment, also that the impact values are increased. There- 
fore, because of the slow reaction rates involved in the use of alloys, 
I have an idea that the conclusion, that heat treatment lowers these 
properties, may not be definitely true. In fact, I believe some of these 
physical properties may be improved rather than decreased as reported 
in this paper. I think the alloy men are stepping a little too fast 
when they say that these properties do not increase. The one-hour 
draw on this inch section at these lower ranges of temperature, in 
my opinion, is not enough to bring out the full values of these proper- 
ties. In the work that we do we use two hours per inch instead of one 
hour per inch at these lower ranges of temperature, and I have an 
idea that some of these values at the lower ranges of draw would 
be higher if you had used a longer time of draw. 


This is a very interesting paper and it checks some of the work 
that was reported by Mr. Allen* showing the reabsorption of carbon 


‘President, Fulton Foundry & Machine Co., Cleveland, 0. 
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when he re-developed the perfect pearlitic structure both in malleab 
iron and in the gray iron that had been graphitized to ferrite a: 
carbon. This was done by reheating, quenching and then drawing 


back. 


J. S. VANICK?: The paper appears to endeavor to correlat 
flame-hardening with the quench and temper treatment, if I interpret 
the purpose f presenting it in two parts in this way. The first 
feature to me appears in the results on the bars on pag 


significant 
104 where a depth hardening resembling “hardened case” occurs up 


flame-hardening. The depth varies there quite a bit. 


From theoretical reasoning, the critical hardening-temperatur 
ranges of ye of these irons should be lower than others. For a 
lower silicon content and for certain other considerations, some of 
these irons should show a greater depth of hardening penetration than 
they do. The only explanation I can offer myself in attempting t 
account for why they do not follow this reasoning and depth harden 
as they should, is that during this heating and quenching from a 
temperature of, say, 1700°F a very important time interval exists and 
a considerable amount of air cooling might occur prior to the specimen 
hitting the water, which would not occur if these treatments could be 
operated on a hardening cycle where the heating and quenching con- 

would be more constant. 


Another point, which Mr. Crosby referred to in his presentation, 

the relation of the graphite structure to the entire structure. That is 

so obviously important from Mr. Schneidewind’s discussion*} yesterday 
of the change in position of critical temperatures with graphite siz 


that it is worth a paragraph either in the paper or as a postscript 


Referring to Table 6, that table for the conditions applied, | 


believe, speaks fairly well for itself. In flame,hardening there ar 


many cases where it is important to leave a tough case “as made’ 
rather than subject it to any further tempering treatment. Tempering 
in many cases is difficult unless it is again applied with a flame. 
The table hows toughness obtained after hardening. There is no 
reference to some other important features of flame hardening which 


I believe come up in practice. 


Another point, in Table 7 (on the depth hardening with th 
General Motors quenching test) that, of course, is rigged up to work 
under very closely controlled conditions and a plot I have made of the 
depth of hardness others can draw as iso-hardness lines of 500 Rock 
well and 40 Rockwell. They again do not quite conform to the depth- 
hardness results of the flame hardening. In matching these two results, 
I would be inclined to lay more stress on the second half of the paper 


> Development & Research Div., International Nickel Co., New York, N. Y. 

* Allen, R. M., “The Microscope and Elementary Cast Iron Metallurgy,’ America! 
Foundrymen’s Association (1939 

* +R. Schneidewind and C, D'Amico, “Influence of Undercooling on the Graphite 
Pattern of Gray Iron.” Transactions, American Foundrymen’s Association, Vol. 47 
1939. 
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the quenched and tempered results obtained in Tables 6 and 7, 

the conditions are much better controlled, and then assign the 
ire for Table 4 to fit, to be due to the difficulty of controlling 
treating effects during flame hardening. 


C. O. BurGEss*: It seems to me that the necessity of alloys to 
ilize the residual combined carbon or carbide of the pearlite in irons 
heat treated might be greater than indicated by the authors. 
phitization of the combined cgrbon on heating followed by resolu- 
of the graphite at higher temperatures involves relatively large 
ime changes and such volume changes normally kave a deleterious 
fect on the final mechanical properties of a cast iron. For example, 
iron that has grown or increased in volume on prolonged heating 
high temperatures is relatively weak and brittle. At the rates of 
eating that the authors have used, graphitization may not be a factor, 
it on heat treating larger castings, you will probably pass through 
me on the heating cycle where you will get graphitization. Any 
yying elements or a combination of alloying elements that inhibit 
the graphitization during heating would appear to be of decided 
nt. 


J. T. MACKENZIE*: We had a very entertaining lecture by J. E. 
Hurst in Birmingham last week and the one advantage of heat treat- 
ent that is not brought out in this paper at all, he developed very 
iighly, and that is the reduction in permanent set. As is known most 

ft gray irons will take quite a considerable permanent set. Mr. 
lurst, who has worked a great deal on automotive parts, especially 
linder liners and pistons, etc., brought out that it seems that the 
ermanent set drops very rapidly with the quench and does not pick 

again with the draw. I think it might well be read into the record 
hat he is using the heat treatment for the reduction of permanent 
et rather than for any improvement in any other properties, 


S. C. Massari: The authors have very nicely shown the cor- 
elation between the behavior of cast iron and steel when subjected 
re-heating, quenching and drawing. Mention is made of the fact 
that with a quench and draw, regardless of the drawing temperature, 
the impact strength invariably never recovered its full as-cast value. 


An iron, which in the as-cast conditions will have an ultimate 
strength in tension of 50,000 lb. per sq. in. and a Charpy impact test 
50 ft. lb. can, by proper reheating and subsequent hot quenching, 
e increased in tensile strength to as high as 85,000 lb. per sq. in. and 
ictually increase the impact strength from 50 to 75 ft. lb. In other 
words, I mean to direct attention that it is possible to heat treat an 
ron by such treatment and show a definite percentage appreciation 
tensile and a similar appreciation in impact strength. 


Union Carbide and Carbon Co., Research Labs., Niagara Falls, N. Y. 
*American Cast Iron Pipe Company, Birmingham, Ala. 
* Research Met., Ass’n. of Manufacturers of Chilled Car Wheels, Chicago, Il. 
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G. A. TIMMONS, V. A. CrosBy and A. J. HERZIG (Authors’ written 
closure): Mr. Denison has been much concerned by the statement 
in the paper that the heat treatment of gray iron by quenching and 
drawing in the conventional cycles did not result in improved trans- 
verse and impact strengths when compared to these properties of the 
iron in the as-cast condition. Mr. Denison has not specifically presented 
any evidence to the contrary but has interjected some remarks which 
may be misleading to the reader. Particularly, he feels that there js 
much merit in long, impractical drawing operations and sights the 
alleged slow reaction rates involved in the use of alloys as a basis 
for the statement that the author’s conclusions are unsound. As a 
matter of fact, it is metallurgically unsound to generalize that ther 
is any connection between the rates of reaction rates involved in the 
use of alloys as a basis for the statement that the author’s conclusions 
are unsound. /As a matter of fact, it is metallurgically unsound to 
generalize that there is any connection between the rates of reaction 
of austenite transformation and the rates of diffusion of carbides 
upon drawings In quenching and drawing gray cast iron, whether 
or not this iron is specially processed, the fundamental structure of 
the material is determined by the temperature at which austenite 
transformation takes place during the quench. The modification of 


i 


martensite by drawing for any length of time at low temperatures 
to produce a tougher matrix than that effected by a coarse lamellar 


pearlite is very improbable. The improvement in properties, which 
Mr. Denison is driving at, has been realized by the authors by con- 
trolling the temperature of austenite transformation upon quenching. 
This is quite apart from the subject of this paper but has been cor- 
rectly referred to by Mr. Massari in his discussion. 


Mr. Burgess has enlarged upon the importance of alloys to stabil- 
ize the combined carbon (in the pearlite) upon heating cast iron for 
quenching and has pointed out the importance of this factor with 
particular emphasis on the volume changes accompanying graphitiza- 
tion. The measurement of this volume change was beyond the scope 
of this investigation but we do not feel that this increase in volume 
will have any more deleterious effect upon the iron than the usual 
volume changes resulting from phase changes or thermal expansion. 
It must be remembered that the graphitization takes place at tempera- 
tures above 1100° F. where the matrix is more plastic and not sus- 
ceptible to stress concentrations of an order of magnitude necessary 
to produce cracking in the matrix, thereby reducing the physical 
properties of the iron. 


We have shown in our paper that even at the comparatively rapid 
rates of heating used in this investigation that graphitization does 
take place, and that alloys may be added to reduce the tendency to 
graphitize 











to 
— 


USSION 4 


With regard to Mr. Vanick’s comments, which are greatly appre- 
ted, if he will note in our paper here, under flame hardening, these 


Cia 


necimens were hardened by a combination flame and water head. 


he specimens were set up on a lathe and rotated at 400 revolutions a 
minute and automatically as we shut off the flame, the water is turned 


n, so there is no loss of time and no air cooling can take place. 


Mr. Vanick’s other remarks are well taken and deserve careful 
consideration. The points he has raised are in the main fairly well 
answered in his later discussions, and the conclusions drawn are 
satisfactory to the authors. 


Our purpose in presenting the data from the flame-hardening 
experiments was chiefly to demonstrate the rapid rate of graphitiza- 
tion in the plain iron and the slower rates of graphitization of the 
alloyed irons. The effects of the alloys in reducing the rates of austen- 
ite transformation is also illustrated. We were not interested in a 
further investigation of flame hardening. 


As explained in the paper, all the irons investigated were similar 
in graphite size and distribution, an item we were careful to check 
before any heat treating was performed. It appears to us that the 
critical temperatures of the matrix will be determined more by the 
chemical composition of the iron and the combined carbon in the 
matrix than by the distribution and size of the graphite flakes. The 
rates of austenite transformation which determine the final structure 
of the iron upon quenching and drawing are, in turn, determined by 
composition and somewhat by grain size as brought out by Murphy 
and Wood** last year. We recognize, however, that graphite size and 
distribution would have some effects upon rates of graphitization and 
resolution of graphite, but we believe since all irons had similar 
graphite characteristics and since all irons were heated well into 
the austenite region that this variable can be eliminated. 


With regard to the comparison of the flame quenched samples 
with the General Motors’ hardenability tests, we wish to point out that 
the two tests are not comparative. The flame hardening tests deal 
primarily with rates of graphitization and resolution while the harden- 
ability test deals primarily with rates of reaction of austenite after a 
soak at temperatures well above the critical. 


Dr. MacKenzie’s remarks relative to the findings of Mr. Hurst, 
of Great Britain, concerning the reduction of permanent set effected 
by heat treatment, is particularly interesting and deserves consideration 
in future investigations designed to show the advantages obtained by 
heat treatment of cast iron. 


The authors wish to thank Mr. Massari for his contributions to 
the discussion, explaining his work on hot quenching. We are in com- 


** Murphy, D. W., Wood, W. P. and D'Amico, C., “Austenite Transformation in 
Gray Iron,” Transactions, American Foundrymen’s Association (1938), Vol. 46, pp. 


3-586 
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ins 


plete accord with his findings, and wish to state that in ow 
findings both plain and alloy irons have shown as much as 50 per 
increase in impact strength after hot quenching in a bath at 550 


with no subsequent draw treatment. The findings and conclusio: 


t 


drawn from the paper, however, refer, as stated at the beginning 
this closure, to irons quenched and drawn in the conventional mann 











The Effects of Aluminum and of Antimony on 
Certain Properties of Cast Red Brass* 


H. B. GARDNERT AND C. M. SAEGER, JR.it, WASHINGTON, D. C 


Abstract 


Additions of aluminum in amounts from 0.005 to 0.10 
per cent were made to red brass, made of remelted metal, 
of the nominal composition of 85 per cent copper and 5 
per cent each of tin, zinc, and lead. Determinations of ten- 
sile properties, density, hardness, the running property, 
and the ability to withstand hydraulic pressure, made on 
various types of test bars and test specimens, showed that 
all additions of aluminum had a deleterious effect on the 
properties and the structure. The effect was more pro- 
nounced with the higher concentrations of aluminum and 
was particularly evident on the ductility and the resistance 
to hydraulic pressure. 


Additions of antimony to this alloy in the amounts 
ranging from 0.10 to 0.25 per cent had only a nominal 
effect on all of the properties studied except the running 
property which was increased, 

These results indicated that the presence of 0.25 
per cent antimony is permissible, but that even 0.005 per 
cent aluminum has a deleterious effect on the alloy. 


INTRODUCTION 


1. Upon the recommendation of the American Society for 
Testing Materials, the Non-Ferrous Ingot Metal Institute has spon- 
sored at the National Bureau of Standards, since 1930, a study of 
the physical properties of copper-base alloys. A typical alloy of 
the red brass group, widely used in industry, having the nominal 
‘omposition of 85 per cent copper and 5 per cent each of tin, zine 
and lead, has been under investigation. 


+ Research Associate, Non-Ferrous Ingot Metal Institute, Nationa] Bureau of 
Standards, Washington, D. C. 

+t Senior Metallurgist, National Bureau of Standards. 

* Published by permission of the Director, National Bureau of Standards. 

Note: This paper was presented at a session on Non-Ferrous Founding at the 48rd 
\nnnal A.F.A. Convention, Cincinnati, Ohio, May 15, 1939. 
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ALUMINUM AND ANTIMONY EFFECTS ON RED Brags 


1932,’ a paper was presented before the A. S. T. M 


containing the results obtained on the study of the effect of type 


{ 


of test bar and of pouring temperature upon the physical proper- 


ties of this alloy when made from virgin metal and from remelted 


meta! 


The next phase of the investigation was to study the 

impurities on the physical properties of the alloy, made 
from remelted metal. A paper was presented before this Society 
in 1933 containing the results of the study of the effects of sulphur 
and iron as individual impurities to the alloy. Since that time 
studies have been made of other elements added individually, and 
the influence of these elements on the physical properties of the 
alloy has been determined. In the present paper, data on the 
effects of aluminum and antimony on the remelted alloy are 


presented. 


1. In carrying out this phase of the work three types of 
test bars were used. These were the sand-cast 14 in. web fin-gate 
bar, the immersed-crucible bar and the no-side-chill bar cut from 
a chill-mold ingot. Dimensioned drawings of each of these types 
of test bars were shown in the first paper of this investigation’. 
By using these three types of test bars, it was possible to obtain 
comparative data on the physical properties of a heat of the alloy 
from; (a) specimens uninfluenced by pouring or mold conditions, 
obtained in a suitably covered crucible immersed beneath the 
surface of the molten metal, (b) specimens cast in green sand 
molds, and (¢c) specimens cast in chill molds. The test bars were 
representative of heats of the remelted alloy to which additions of 
aluminum from 0.005 to 0.10 per cent had been made, and from 
heats containing additions of antimony ranging from 0.10 to 0.25 
per cent. Specimens were cast at three pouring temperatures 
1065°C. (1950°F.), 1150°C. (2100°F.), and 1230°C. (2250°F.). 
5. Determinations of the following physical properties were 
made on each bar: tensile properties, density and Brinell hard 
ness. In addition, electrical resistivity, the ability to withstand 
hydraulic pressure and the fluidity or running property when cast 
in a green sand mold were determined. Special test specimens 
were required for measurements of the two latter properties. 

‘Gardner, H. B. and Saeger, C. M., Jr., “Factors Affecting the Physical Properties 
of Cast Red Brass (85 Cu, 5 Zn, 5 Sn, 5 Pb),” Proceedings A. S. T. M., Vol. 32, Part 
II, p. 517 (1982). 

2Gardner, H. B. and Saeger, C. M., Jr., “The Effect of Sulphur and Iron on the 


Physical Properties of Cast Red Brass (85 Cu, 5 Sn, 6 Zn, & Pb),” Proceedings 
A. S. T. M., Vol. 88, Part II, p. 448 (19838). 
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MATERIALS AND METHOpDs or CASTING 


Virgin copper, tin, zine and lead similar in grade to those 

ted in 1932 were used. By chemical analysis the only signi- 
mpurities found in the metal of these grades were approxi- 
0.005 per cent of iron in the copper, 0.01 per cent of iron 
zine, 0.015 per cent of iron and 0.1 per cent of bismuth in 

id, and 0.02 per cent of iron in the tin. Commercial antimony 
small amounts was used for metallic additions. A copper-alumi- 
‘hardener,’’ containing approximately 50 per cent aluminum, 


as prepared from virgin copper and notched bar aluminum and 


- ysed for small additions of aluminum. 


Mo.LpING, MELTING AND POURING 


7. Early in this investigation a ‘‘standard practice’’ of mold- 
*, melting and pouring was adopted. Tiis consisted in the 
reparation of a stock material made #¢om virgin metals melted 
a high-frequency induction furnsee of the “‘lift-coil’’ type and 
ast into ingots. A portion of the Stock (approximately 100 lb.) was 
elted. as needed, under a ‘ purite’’ (sodium carbonate) slag in a 
uble-wall clay-grapp#e crucible. A double-wall crucible, with 
‘nterstices fiJlei with chrome ore, was used to avoid an ex- 
essive tempeature drop during the casting of the test bars. Even 
hen this Special crucible was used it was found that there was a 
empeature drop of the molten metal of 25°C. during the pouring 
othe 12 molds at 1230°C (2250°F.). The drop in temperature 
{ the molten metal was less for lower pouring temperatures, being 
nly 16°C. at 1065°C. (1950°F.). Because of this cooling of the 
olten metal, during the pouring of each set of specimens, the 
first bar in each group was poured at a temperature of 10°C. above 
> nominal pouring temperature. The mean pouring temperature 
tor each group of bars therefore is a close approximation to the 
lesired pouring temperature. 


s. The green sand molds used were prepared from grade 00 
Albany sand. A permeability number of 12 to 16 (A. F. A. units), 
i compressive strength of 5 to 7 lb. per sq. in. and a moisture con- 
tent of 6 to 7 per cent were maintained throughout the preparation 
t all of the green sand molds. 


J. Antimony additions were made without difficulty directly 


to the molten alloy through the purite slag. However, considerable 
ihculty was encountered at first in retaining the desired amount 
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of aluminum in the alloy. A method found satisfactory for 


ine the desired amount of aluminum was as follows: The 


was melted under a purite slag which was later removed and 
of hot charcoal. The necessary amount of 1 


placed by a cove! 
copper-aluminum hardener was thrust through the charcoal 


the molten metal and the stirring action of the furnace insured 
thoroughly uniform distribution throughout the molten meta 

the erucible. The melt was then brought to the desired maxim 
56° 100°F.) above the pouring temperatur 


temperature 
the furnace, allowed to cool to the first pour 


removed from 
temperature and poured into the molds 


RESULTS AND DISCUSSION 

10. The tensile properties were determined with an Amsler 
universal testing Machine of 50,000 lb. capacity, adjusted to give « 
rate of travel of the free ecross-head of 0.1 in. per in. per min. Th 
test specimen used was 0.5Ué in, in diameter, with threaded end 
and a 2-in. gauge length. In mozt eases the determinations of ter 
sile strength of the duplicate bars agesed within 1000 lb. per sq. in 
‘about + 3 per cent), although there wera a few larger variations 
In such cases the higher values were aCtanted as being more 


characteristic of the sound metal. 
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ALUMINUM ON THE YIELD STRENGTH AND [ESI 


Test Bars. Minimum TENSILE STRENGTH FOF 
BY THE BROKEN LINE 


Fic. 1—Errect or ADDITIONS OF 
Strenctu or Cast Rep Brass (85-5-5-5) 
attoy (A.S.T.M. Spec. B380-86) 1s sHOWN 
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syrenctH or Cast Rep Brass (85-5-5-5) Test Barns MINimMum TENSILE STRENGTH FOR THIS 
sttoy (A.S.T.M. Spec. B30-36) 1s SHOWN BY THE BROKEN LINE, 


i 


11. In Fig. 1 are showr the results obtained on the remelted 
y containing additions of aluminum in progressively increas- 
‘teiee A defiaite but somewhat irregular decrease in ten- 

sile strength mzy be observed. A comparison of the data with the 

‘minimum censile strength expected for this alloy,’’ (27,000 Ib. 

ner sq in.) indicated by the broken line,® shows that the addi- 

on of even 0.005 per cent aluminum (the amount now permitted 
A. 8. T. M. specification B 30-36) adversely affected the alloy. 

The results in Fig. 2, however, indicate that antimony did not 

have a very pronounced influence on the tensile properties of this 

iloy. A comparison of the values obtained with the three types of 
test bars with the ‘‘minimum tensile strength expected,’’ indicated 

y the broken line, shows that most of the bars had a tensile 


strength well above this ‘‘minimum.’’ 


YIELD STRENGTH 
12. Fig. 1 and 2 show also the data obtained for yield strength 
{ the alloy containing progressively increasing small additions of 
iluminum or of antimony. The method used was that outlined in 
the A. S. T. M. Standards (1933)* for a permanent set of 0.1 
per cent. 


“Copper-Base Alloys in Ingot Form for Sand Castings.” Appendix, page 541, 
\. S. L-M, Standards, 1936, Part I, Metals, p. 588. 
‘Standard Methods of Tension Testing of Metallic Materials, A. S. T. M. Standards 
33), Part I, Metals p. 96¢ 
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OMINUM ON THE ELONGATION AND ReEpwcrTio 


Rep Bhigs (85-5-5-5) Test BARs. 


According to Fig. 1 the imfluence of aluminum in t! 


+ 


ast test bars was to produce a gradual reduction in yield 


strength which became more pronounced as the pouring tempera 


was increased. For the other types of test berg, however, thi 


effect on the vield strength was by no Me€ans uniform 
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. As shown in Fig. 2, antimony, in the sma!l amounts used, did not 
have a marked influence on the yield strength of the alloy. 
DucTMITy 


14. The properties, elongation and reduction of area, which 















































may be considered as criteria of the ductility of an alloy, will be 
| . +. ‘ ° > ° 
considered together. In Fig. 3 are shown the effects of aluminum 
1 
| additions on both elongation and reduction in area. The decrease 
in both properties was quite large, and, particularly for the sand- 
; ‘2 . 
east test bars, was rather uniform as the aluminum content was 
increased. From the results obtained with the specimens contain- 
ing antimeny (Fig. 4), however, it cannot be said that antimony 
itself adversely affects these properties. The variations noted were 
inconsistent and, for several test bars with the higher percentages 
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: 
: , } 
| of antimony, results superior to those of the plain remelted alloy 
i } 


were obtained. 


| 

| BRINELL HARDNESS | 

15. Brinell indentations were made on longitudinal parallel 
flat faces 54 in. in width, machined on the threaded portions of | 
the broken tension specimens. As recommended by the A. 8. T. M., . 


for testing non-ferrous materials, a 500-kg load was applied for 


oU see. on a ball 10 mm diameter. According to the results, shown 
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Fig. 5 for aluminum additions and in Fig. 6 for antimony, jt 
may be said that the indentation hardness of the alloy was influenced 
to only a small degree by either added element. The addition of 
aluminum tended to lower slightly the hardness but additions 


leviation from the hard 





intimony did not result in a significant 


ness of the untreated alloy. 


ELECTRICAL RESISTIVITY 


of electrical resistivity were made on 
These 


a 


16. Determinations 


the machined specimens used subsequently for tension tests. 
determinations were carried out in accordance with the proced 


a 


recommended by the A. 8. 
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ELECTRICAL 


ANTIMONY ON THE 
Test Barks, 


1 ADDITIONS OF 
Rep Brass (85-5-5-5) 


HaRDNEss oF CAsT 
is shown that the added aluminum great 


For both the sand-cast 


17. In Fig. 5 it 
inereased the resistivity of the alloy. and 
the no-side-chill test bars the resistivity increased progressivel! 
with the increase in aluminum content. 

18. In Fig. 6 the data show a definite increase in electrica 
resistivity with the corresponding addition of antimony. With tl 
exception of the immersed-crucible bars cast at 1230°C., maximun 
values were obtained with the addition of 0.15 per cent antimony) 


Standard Method of Test for Resistivity of Metallic Materials for Resistors 
Soc. Testing Materials Designation B 68-29), 1930 Book of A. S. T. M. Standards 


Part I, p. 86 
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7 it is shown that the general trend is for a lower 
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ng in density, which can be attributed to the aluminum present. 
The no-side-chill bars cast at 1065°C. (1950°F.) and 1150°C. 
2100°F.) are the only ones, however, where this decrease was 
iniform. In Fig. 8 the deviation from remelted alloy, due to the 
addition of antimony, was nominal for the bars cut from the chill 
ingot. The sand-cast bars poured at 1230°C. (2250°F.) showed 
the most pronounced irregular deviation. 
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or AbbiTIONS OF ANTIMONY ON THE DeENsitTy oF STEPPED-Bar CasTINGs 
or Cast Rep Brass (85-5-5-5). 


20. Additional determinations of density were made on step- 
ped-bar castings poured from each heat that was cast into tensile 
bars. Fig. 9 shows the dimensions of the stepped-bar castings. 
In Fig. 10 and 11 are shown the density data obtained with this 
type of bar for alloys with added aluminum and antimony re- 
spectively. The general effect of increasing the aluminum content 
was to decrease the density. The density also tended to decrease 
with reduction of the thickness of the stepped-bar casting although 
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this reduction is somewhat irregular. There are some indications 
too, of a decrease in density with an increase in pouring tempera 
ture, particularly for the specimens with 0.05 and 0.10 per cent 
aluminum. In general the addition of antimony had very little 
effect on the density of the stepped-bar specimens. There were 
fewer irregularities in the density determinations of the stepped- 
bars containing antimony than for the corresponding bars con 
taining alu There was a slight tendency for the density 
to decrease with reduction in thickness of casting of specimens 
poured at 1065°C. (1950°F.) and 1150°C. (2100°F.) but this was 


not so evident with specimens cast at 1230°C. (2250°F.). 





lai 





A 


Z) 


Y/ 

















L 


“eyetyy, 


Ve 


0.005%Al 
0.025% Al 
0. 050% Al 
O.100%Al 
ttt 
YL 


Lihilllddd 


~ 


INCHES 


- 


FLUIDITY 
LENGTH OF SPIRAL, 
a na cpm apm cmap ann AIO LI I I  IOI I” 


~ 


y 


/ YL 4: 


A 


tr ts LPLPASP ALD IIS ITI TD TSTTSS, 
hid lla 


eee 


RN 


1065 1150 




















POURING TEMPERATURE °C 











Fic. 12—Errect or Appirions of ALUMINUM ON THE FLutpiry oF Cast Rep Brass (85-5-5-5) 








GARDNER AND C. M. SAEGER, JR. 











r \ 
aJ 




















SANS 





SJ 


0.15 %Sb 
0.25%Sb 


SS 
SSS 


SX 
SSN 
AN 


~ 











FLUIDITY 
LENGTH OF SPIRAL, INCHES 











|| | 


1065 1150 30 

















POURING TEMPERATURE °C 











Errect oF ADDITIONS OF ANTIMONY ON THE FLumpITy or Cast Rep Brass (85-5-5-5 


RUNNING QUALITIES 

21. The effect of aluminum and of antimony on the running 
ality of the alloy was studied by the method developed by 
Saeger and Krynitsky,® which consists essentially in casting in a 
vreen sand mold a strip of small cross-section in the form of a 
spiral. According to the data summarized in Fig. 12, aluminum 
nereased the running quality of the alloy. Likewise the results 
esented in Fig. 13 show a marked increase in the running quality 
the alloy which can be attributed to the presence of the anti- 
ony. For the specimens poured at temperatures of 1065°C. 





Saeger, C. M., Jr. and Krynitsky, A. I.. “A Practical Method for Studying the 
unning Quality of a Metal Cast in Foundry Molds,” Trans. A. F. A., Vol. 89, 
518 (1981). 
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(1950°F.) and 1150°C,. (2100°F.), maximum values were obtained 
with an antimony content of 0.15 per cent, but for the test speci- 

‘ ~- , 3 : 
mens poured at 1230°C. (2250°F.) the best results corresponded 


to an antimony content of 0.10 per cent. 


PRESSURE TESTING 
22. Since this alloy is widely used in the manufacture of 
pressure castings, its tightness is a major factor. This was studied 
by hydraulic testing. A hydraulic pressure of 300 lb. per sq. in 
was applied to the interior of cylindrical castings. The water within 
the specimen contained a soluble blue dye and the appearance of 
the blue coloration on the outer surface of the specimen under 
pressure constituted visual evidence of a leak. If no leak was in- 
dicated when the pressure had been maintained for 1 min., the 
specimen was rated ‘‘satisfactory’’ or ‘‘OK.”’ 


23. Cylindrical specimens for these pressure tests were cast 


in groups of four as indicated in Fig. 14. Two of the thin-wall 

castings in each group were trimmed to a length of 2 in., remov- 

ing most of the material from the gate-end, which might possibly 

be spongy. These specimens were tested hydraulically with the 
‘ 


‘as cast’’ condition. The other two 
eylinders in each group, likewise trimmed to a length of 2 in., 


inner and outer surfaces in the 


were machined both inside and out to a wall-thickness of ¥ in. and 


‘ 


tested in a similar manner. Specimens in both the ‘‘cast-to-size’’ 
and ‘‘machined-to-size’’ conditions were tested under a hydraulic 
pressure of 300 lb. per sq. in. Specimens which did not leak under 


300 lb. per sq. in. pressure were subsequently tested under a pres- 





Fic. 14—A Castine oF SPECIMENS For Hyprautic Tests. 
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ot 600 lb. per Sq. in. Results of these pressure tests are listed 


Tables 1 and 2. The tests at 300 lb. per sq. in. are also shown 


—° 


aphieally in Fig. 15. These data show: 


] The ‘‘cast-to-size’’ specimens were superior to the ‘‘ma 
ined to-size’’ specimens in resistance to hydraulie pressure. This 
licates that an important part of the resistance to hydraulic 
essure is located in the skin of the casting and that the removal 
the surface skin by machining decreases the capacity of the 


| to withstand hydraulic pressure. 


Table 1 
-ESSURE TESTS OF REMELTED ‘‘85-5-5-5’’ ALLOY WITH ADDITION OF 
ALUMINUM 
Pouring Type of Metal Cast-to-Size Machined-to-Size 
Temp. °C 300 lb. 600 lb.* 300 lb. 600 lb.* 
1065 remelt NG Peet NG 
OK OK NG tata 
remelt OK OK OK NG 
OK NG OK NG 
remelt OK OK OK OK 
OK OK NG 
1065 remelt plus 0.005% Al misrun ann NG 
ee atte NG eae 
1150 remelt plus 0.005% Al OK OK OK NG 
NG iets NG picts 
1230 remelt plus 0.005% Al OK OK OK OK 
OK OK OK OK 
1065 remelt plus 0.025% Al NG stata NG 
OK OK NG 
1150 remelt plus 0.025% Al OK OK NG 
OK OK NG _ 
1230 remelt plus 0.025% Al OK OK OK NG 
OK OK OK NG 
1065 remelt plus 0.05 %Al NG pxa NG 
NG 6% NG 
1150 remelt plus 0.05 %Al NG sate NG 
NG pall NG 
1230 remelt plus 0.05 %Al NG is NG 
OK NG 
1065 remelt plus 0.10 %Al NG pats NG 
NG ee NG 
1150 remeit plus 0.10 %Al NG iu NG 
OK NG 
1230 remelt plus 0.10 %Al NG pal NG 
NG i NG 
*Only those specimens that withstood a pressure of 300 Ib. per sq. in. were tested 
at 600 Ib. pressure. 
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Table 2 


REMELTED ‘‘85-5-5-3’’ 


WITH ADDITIONS OF ANTIMONY 


Type of Metal 


remelt 
remelt 
, 
remelt 
pius 0.10 


plus 0.10 


plus 0.10 


1065 remelt plus 0.15 
1150 remelt plus 0.15° 
1230 remelt plus 0.15 
1065 remelt plus 0.20 


1150 remelt 


1230 remelt 


1065 ren 
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s) 
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elt plus 0.25 


nelt plus 0.2 


those 
pressure, 


pilus 0.20¢ 


plus 0.20 
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or 
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200 lb. 600 lb.* 300 lb. 
NG lor NG 
OK OK NG 
OK OK OK 
OK NG OK 
OK OK OK 
OK OK NG 

Sb OK OK OK 
OK OK OK 

Sb OK NG OK 
OK OK NG 

S OK OK OK 
OK OK OK 

S OK NG NG 
OK OK NG 

Sb OK OK OK 
OK OK OK 

Sb OK OK OK 
OK NG OK 

Sb OK NG NG 
misrun - OK 

Sb OK OK NG 
OK OK OK 

Sb OK OK OK 
OK OK OK 

Sb OK NG NG 
misrun NG 

Sh OK OK OK 
OK OK OK 

Sh OK OK OK 
OK OK OK 
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5 For the test specimens containing aluminum, all of 
‘‘east-to-size’’ specimens that withstood 300 lb. per sq. in. 
ssure were also able to withstand 600 lb. per sq. in. pressure. 
Only two of the six ‘‘machined-to-size’’ specimens that withstood 
00 lb. per sq. in. pressure passed the 600 lb. per sq. in. test. 


(6) Most of the ‘‘ecast-to-size’’ specimens containing anti- 
ony that withstood 300 lb. per sq. in. pressure were satisfactory 
der 600 lb. per sq. in. pressure, and one-half of the ‘‘machined 
size’’ specimens tested in like manner were satisfactory. 


24. In general, then, it may be seen that aluminum has a 
eleterious effect on the pressure tightness of the alloy but that 
itimony does not deleteriously affect this property. It was inter- 

esting to note that the leaks observed in the specimens that failed 
inder test were not localized but were distributed over all portions 
the surface of the test specimens. 


METALLOGRAPHIC EXAMINATION 


25. Specimens of the remelted alloy (85-5-5-5) with addi- 
tions of aluminum and of antimony, cast at 1150°C. (2100°F.), 


ANTIMONY, percent 
0.15 
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15—EFFECTS OF AppITIONS oF ALUMINUM oR ANTIMONY ON THE ABILITY oF “CastT-TO- 
SIZE" AND “MACHINED-Ty-s1zk” SPECIMENS oF RED BRASs TO WITHSTAND HypRAULIC PRESSURE. 
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EFFECTS ON RED BRAssg 


Fic. 16—MICROSTRUCTURE OF SPECIMENS, ETCHED 


x100. (A) 
PER CENT ALumMINUM. (C) 
REMELTED META! 


ELECTROLYTICALLY In 10 PER CENT 
REMELTED 85-5-5-5. 


REMELTED METAL PLUS 
PLUS 0.05 PER CENT 


AMMONIUM PERSULPHATE, (B) Reme rep METAL Pius 0.005 
0.025 per cesT Atuminum. (D) 
Atuminum. (E) Reme.t® Merar pius 0.10 
PER CENT ALUMINUM. 
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examined to ascertain the effect of the added element on the 


rostructure of the alloy. 


296. Micrographs in Fig. 16 show the typical appearance of 
specimens containing 0.0, 0.005, 0.025, 0.05, and 0.10 per cent 
aluminum respectively. There may be observed fine net-works at 
he inter-dendrite boundaries of the specimens containing 0.025 to 
0.10 per cent aluminum that were not seen in the untreated alloy 
y in the specimen containing 0.005 per cent aluminum. These 
nes were visible on the polished surfaces previous to etching and 

nstitute a characteristic structural feature of the alloys contain- 
ng the higher aluminum contents. Examination at a magnification 
of x500, of both etched and unetched specimens, leads to the con- 
usion that this structural feature represents solid material, per- 
aps a film, at some of the dendritic boundaries and does not 
simply represent shrinkage cracks in the material although shrink- 
ige may be involved to some extent. It could not be determined 
whether the film consisted of intermetallic compounds or non- 
metallic material. Whatever the nature of these imperfections may 
} 


be, their presence is associated with the inferior properties, e.g., 
low ductility and high electrical resistivity of the test bars of 
higher aluminum content, and may be a factor in the increased 
leakage of these alloys under hydraulic pressure. 


i¢ 


amt. 
mens of the alloy containing 0.0, 0.10, 0.15, 0.20, and 0.25 per cent 
antimony east at 1150°C. (2100°F.). No unusual structural con- 


dition attributable to the presence of antimony is to be observed. 


27. In Fig. 17 are shown micrographs of companion speci- 


Evidently, antimony in these amounts exists in solid solution in the 


copper-rich matrix. 


SUMMARY 
28. The influence of pouring temperature, in this phase of 
the investigation, was subordinate to that of the added elements. 


29. Aluminum had a marked detrimental influence on most 
of the properties that were studied. The presence of this element 
lowered the tensile strength, the ductility and the Brinell hard- 
ness. It increased the electrical resistivity (i.e., lowered the elec- 
trical conductivity) and the porosity of the alloy. The only bene- 
ficial effeet observed for additions of aluminum was an increase 
in the fluidity or running property of the alloy. 
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Fic, 17—MICROSTRUCTURE OF SPECIMENS. ETCHED ELECTROLYTICALLY IN 10 PER CENT 
AMMONIUM PERSULPHATE, X100. (A) REMELTED 85-5-5-5. (B) REMELTED METAL pPLuUs 0.1 
PER CENT ANTIMONY, (C) REMELTED METAL PLUS 0.15 PER CENT ANTIMONY. (D) ReEMELTED 
METAL Pius 0.20 PER CENT ANTIMONY. (E) REMELTED METAL PLUS 0.25 PER CENT ANTIMONY 
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30. Antimony, however, had little influence on the properties 


he alloy other than a slight increase in the electrical resistivity 
nd, to a somewhat greater degree, an increase of the running 
lity. Its effect on the other physical properties studied was not 


significant. 


31. The alloy containing the higher percentages of aluminum 
shows microstructural imperfections, herein called films, which 
are not visible in the aluminum-free alloy. It is probable that the 
low ductility, high electrical resistivity and possibly the failure 
f the alloy to withstand hydrostatic pressure are associated with 
ocal concentrations of these films at the dendrite interstices. 


32. It was thought that possibly some direct correlations 
might be observed from the data obtained for the different proper- 
ties studied. However, no correlation could be established between 
the electrical resistivity and the physical properties studied, nor 
between the results of the pressure tests and the density determi- 
nations made either on the ends of the tension specimen or on the 
various sections of the stepped bar castings. This suggests par- 
ticularly that density is not a satisfactory indication of the ability 
f the material to withstand hydraulic pressure. It was found 
mpossible to correlate the data here presented other than as in- 
dicative of a general trend. While it has been shown that alu- 
minum has a deleterious effect on the alloy, the diminution of no 
physical or electrical property studied is proportional to, or reg- 
war, for the progressively increasing amounts of this element 


added. 


CONCLUSIONS 
33. The most important conclusions which the results of 
this investigation warrant are: 
(1) The restriction on the presence of aluminum, in the 
present A. S. T. M. specification B 30-36, is amply justified by the 


results obtained. 


(2) The present data indicated that antimony up to 0.25 
per cent does not have a deleterious effect on this alloy. 











AL LA OTT My 


wae > 


~ 








144 ALUMINUM AND ANTIMONY EFFECTS ON RED Brass 


DISCUSSION 


Presiding: HaAroLp J. ROAST, Canadian Bronze Co., Ltd., Mon- 
treal, Can. 


G. M. THRASHER! (Written Discussion): The authors of this paper 
are to be commended on the very painstaking manner in which they 
have conducted the work here reported. However, it would seem to us 
that the complete analysis of their prepared base ingot metal should 
be stated and as there is a loss of zine in each melting from this alloy 
with increases in proportion to increased superheat, a final check on 
each heat for copper content would indicate the amount of such zin 
loss. It is the writer’s experience with this alloy that small variations 
in the composition have considerable effect on castings for resisting 
hydraulic pressures particularly when the outer surface is machined. 


We assume that heats for the different pouring temperatures were 
only slightly superheated above the required temperature. In produc- 
tion foundries where the molten metal is often handled in 200 lb. quan- 
tities requiring 4 to 6 minutes to pour all of the molds, the total tem- 
perature drop may be as high as 150°F or more. The question arises: 


When the metal is removed from the furnace at 2350°F and bars 
are poured from the same heat when cooled to 2250° and 1950°F. are the 
results comparable with the presented data? 


Mr. GARDNER: With regard to the variation in composition, [ re- 
gret that I do not have my analyses here but this investigation has been 
going on now for nine years and in that time we feel that we have 
learned the approximate loss, or possible variation, in composition due 
to the zinc that is evolved and we make corrections for that before 
casting. As I recall, our zine loss, our zine variation, is somewhat over 
a quarter of one per cent. And I don’t believe that will have much 
variation. 

With regard to Mr. Thrasher’s direct question, the metal being 
removed at 2350°F. and then poured on the way down, we have discussed 
that with several non-ferrous men who have recently been at the Bur- 
eau and they are of the opinion that the properties of commercial heats 
cast at the specified pouring temperatures would not be much different 
from those of the individual heats that we cast. In our first paper, 
published in 1932 at the A.S.T.M. meeting we showed that pouring tem- 
perature has a very definite influence on the physical properties. 


M. G. Corson? (Written Discussion) : It is pleasant to know that 
the effects of aluminum upon a leaded bronze are fully established upon 
a more solid foundation than that of hearsay as has been the situation 
so far. The question remaining open is: Does aluminum affect the tin 
bronzes in the same way when little or no lead is present? Foundry- 
men and brass mill men were afraid of aluminum for a long time be- 


R. Lavin & Sons Co., Elmira, N. Y. 
2 Consultant, New York City 
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fore lead began to be used as a promoter of machinability, but were 


their fears well founded? 


The authors stopped short of coming to the discussion of the mech- 
anism in which aluminum affects the metal. Their microphotographs 
are not quite convincing, inasmuch as even the samples 17A and 17B 
of heats differing but little in composition, vary too much in structure 
As shown Fig. 17A (and 16-A which is the same) hardly look at all as 
red brass, coring being practically absent and at any rate vastly dif- 
ferent in type from the coring in 17B-E. 


It is to be regretted that the authors did not make use of photo- 
graphs covering vastly larger fields and prepared with a better etching 
technique. In fact, unetched micros taken at 250 or 500 diameters might 


have told us much more. 


Two things appear to be clear enough, namely the disappearance 
of the larger specks of lead (gray), and of the larger dark areas (holes 
x dragged out lead) and the appearance of long wavy black lines when- 
ever aluminum is present. Looking at those lines I come to a curious 
idea. It has been generally accepted in the past that aluminum and 
silicon cause the lead to segregate, hence the troubles. It seems evident, 
from the authors micrographs at least, that no such segregation occurs. 


What might have taken place is quite the opposite. Lead is known 
to form a separate liquid phase in copper or bronze within certain ranges 
of temperatures. This separation normally causes lead to coalesce into 
liquid globules instead of remaining dissolved and crystallizing toward 
the very end in the shape of a eutectic. Therefore, the presence of lead 
usually is not so very harmful mechanically while other advantages 
connected with it perhaps pay well for the lesser strength. 


It looks as if aluminum actually plays the trick of eliminating the 
liquid lead coalescence period and keeping it in solution until it has no 
other choice but to crystallize eutectically, in other words separating 
the grains of the bronze by a film of lead with its low physical char- 
acteristics. Putting it in a different manner: Aluminum ruins leaded 
bronzes by making them homogeneous. Lead becomes more evenly dis- 
tributed, but in the shape of films, just as bismuth does. 


A recently evolved theory of mine argues that the strength (and 
soundness) of a casting depend upon the probable minimum value of 
the active area that can be encountered in a section taken at random 
through the body of the article under consideration. So while the av- 
erage active area in a leaded bronze may be almost the same whether 
aluminum is present or totally absent, the minimum areas become 
greatly lowered, and the frequency of the appearance of low minimum 


may also vary the wrong way. 
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A figure of 50,000 lb. per sq. in. tensile strength for a straight 90 ( 
5Sn-5Zn alloy as cast under the best conditions is by no means exag 
gerated. Taking the authors’ data from Fig. 1—at 1063°C we can say 
that while 5 per cent (by weight) of mostly globular lead tends to cut 
the active area by additional 10 per cent, the films of eutectic lead 
formed in the presence of over 0.005 per cent aluminum do cut it by 
additional 35 per cent and more. 


I wonder what will be the outcome of the research reported by th 
authors. Will the foundrymen say: “Now that the question as to th 
effects of aluminum is settled definitely let it rest forever,” or wil 
they be curious to investigate the mechanism of this deterioration dow 
to its very roots? 


Gases and other causes may cut it to 42,000, or reduce by 15 per 
cent the active area, 


Perhaps they would not care to have this done for the sake of 
science. Granted this, I shall say that they might look for some means 
of reversing the process i.e., making the lead globular again. This would 
be rather advantageous because the influence of aluminum is positive 
in more than one direction besides the improvement in castability 
Aluminum prevents the burning of sand to the metal and gives th 
article a beautiful surface of a bright golden color. In fact this color 
is far more stable in tin base bronzes than in aluminum brasses 


eee RI tone 


high tensile manganese bronzes. 





MEMBER: On page 424 the authors mention the types of test 
that are used, the immersed crucible and the one cut from the ingot 
and the Webbert bar which they say is cast in green sand. Our Ws 
bert test bar is cast half in green sand and half in a core, and [I an 
assuming that is standard. But when Mr. Gardner was discussing t 
slides he again said green sand. So he may mean it. Perhaps it wou 
be of interest if he would explain how that mold is constructed. 


+ 


Mr. GARDNER: We are using an aluminum pattern and cast 
that we could get it all in green sand. I recognize that in commercia 
work this type of bar is frequently used and only through this opening 
is metal cast into the mold. For example I know that the Washingtor 
Navy Yard uses that type, with a dry sand core. However, when thé 


present investigation was begun, it was with the understanding that 
our sand molds were to be all green sand. That was one of the reasons 
’ we cast in this manner instead of down through the top because th 
green sand face would not permit us to pour directly into the mold. 


W. M. BALL, JR.*: There is one thing I want to mention about th: 
aluminum. The authors are talking about 0.005 aluminum. If they 
‘ have 0.005, they have a lot of bad metal. We had some metal w 
melted down and when those ingots were dumped out they had an alu 
minum sheen that was almost white. We had had trouble having bronz 
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for aluminum. So I was particular to bring the chemist in 
d, “Don’t tell me there isn’t any aluminum in there; it looks 
like aluminum ingot.” We had that analyzed by five different 

and every one came back with the answer, “No aluminum.” 
same metal had been poured into a sand mold it would have 
d. So I often believe that aluminum must do some damage on 
out. That aluminum will show on the top of the ladle. In fact, 


for that in using unknown scraps. 


GARDNER: The determination of aluminum in that part of the 

as under way just at the time the Bureau was developing this 
modification of the Aurin dye method for determining small quan- 
aluminum. The Bureau chemists and I worked together on that 

ad the satisfaction of checking very closely. Our results were 
checked gravimetrically, using the mercury cathode to remove 
the major constituents. I wonder if your chemists are familiar 

he Aurin dye method? With this method you can determine 0.001 


aluminum with accuracy. 


Mr. BALL: I don’t know about that. All those chemists to whom 
samples could not find any aluminum. 


CHAIRMAN Roast: I would like to add a word of confirmation. We 
een using during the last year or two the same dye method. And 
certainly find 0.001 per cent if that much happens to be there. 
admit that by the other methods it is somewhat a matter of guess 


There was one mention made with regard to etching the samples 
I wouldn’t like to let it go by without comment. I would say the 
micrographs were quite good for the nature of the metal and | 
had a lot to do with this alloy. 


H. J. JAMESON?: The method of determining aluminum Mr. Gard- 
was talking about, I presume refers to the aurintri carboxylic acid 
thod for determining small amounts of aluminum, published some 
me ago by the Bureau of Standards. We have used this method for 

last ten or fifteen years and I am sorry to say the results are very, 

indefinite. The results depend entirely upon the chemist’s experi- 
nce in handling the dye. There are so many factors which interfere 
1e method that I certainly wouldn’t take very much stock in its ac- 
acy. However, as I understand it, the Bureau of Standards has re- 

made some radical improvements in the method. The best way 
determine small amounts of aluminum, particularly in brass, is to 
a large sample and remove the different elements with the mercury 
ithode. The Bureau had all kinds of trouble with the dyes from dif- 
rent manufacturers and finally had to develop a method of preparing 
that dye. With their own prepared dye they have had very much bet- 


tr 


success, 


* Detroit Testing Laboratory, Detroit, Mich. 
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Mr. GARDNER: There are two papers in the July 1938 issue of th, 
Bureau’s Journal of Research dealing with the determination of sma] 
quantities of aluminum (RP 1117—‘“Improved Method for Determina. 
tion of Aluminum in Certain Nonferrous Materials by Use of Ammon. 
ium Aurintricarboxylate’”’). 


Mr. BALL: I don’t see why it is necessary to have these fane 
methods. All you have to do is to melt the metal and pour it out and 


there you have the test. That is the quickest method I know of, and th 
truest. 


Mr. JAMESON: Just how much aluminum should you have befor 
you can determine it by this casting process? Will as low as 0.005 per 
cent aluminum indicate that? You said, “Why go after the advanced 
method when you can tell by the casting process.” Can you tell 
low as 0.005 per cent by that process? 


Mr. BALL: If there is any in there at all we can tell it. W, 
haven’t been able to find a chemist that can find it yet. The man we ar 
looking for is the one who can find it in the brass. We can tell it in th 
ladle or tell it after it is cast. I don’t know how little is in there and 
there is no way we can find out. The chemist says there is none ir 
there. We can show them ingots as white as aluminum ingots and they 
will say, “None in there.” I say they had better learn something about 
chemistry. The quickest way to learn is to just melt it and pour it 
out and then you can tell whether there is any aluminum in it or: 


C. O. THIEME®: I dcn’t want to get tangled up in this argument 
but I personally have worked with the aurintricarboxylate method for 
aluminum in brass ever since the Bureau established the method. It 
is true that back about 1923 the method left a great deal to be desired 
However, during the past three or four years we have been working 
with the mercury cathode method of separating the elements and wi 
have found it extremely satisfactory. We can determine aluminun 
down to 0.001 per cent. 


I would like to answer Mr. Jameson’s question as to the amount 
aluminum that can be seen on a sprue. It has been our experience that 
less than 0.015 per cent metallic aluminum cannot be seen on a wrinki 
top sprue. 


MEMBER: What quantities of aluminum can be determined spe 


trographically in 85-5-5-5 ordinary red brasses or tin bronzes? An) 


experience on that in aluminum? 


H. B. GARDNER AND C. M. SARGER, JR. (Written closure): The au- 
thors appreciate the interest shown in this paper as is indicated by th 
discussion. In every investigation many questions arise which must 
for a time at least, be laid aside for future study. The question sug 
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ted by Mr. Corson of the mechanism by which aluminum affects the 
is just such a question. The authors agree with Mr. Corson that 
ger micrographs might be more desirable but it is questioned whether 
additional information obtained would warrant the additional cost. 


There has been considerable discussion of the method used for 
iantitatively determining small amounts of aluminum in this alloy. 
[he authors wish to emphasize that in the determination of aluminum 

use of the ammonium aurintricarboxylate method as given in the 
Bureau of Standard’s research paper, RP 1117, it is essential that this 

thod, like most methods used in the determination of minute quan- 
ties of impurities, must be scrupulously followed. If this is done 
leterminations of very small amounts of aluminum, by the dye method, 
an be checked by determinations made by the gravimetric method. 


The authors are informed that several nonferrous foundries are 
ng spectroscopic methods but the National Bureau of Standards has 
as yet had an opportunity to investigate the spectroscopic deter- 
mination of aluminum in brasses or bronzes. Consequently we are un- 
ble to offer first hand information about the sensitivity of this deter- 
ination. However, in the analysis of ferrous materials, the presence 
f 0.005 per cent of aluminum in steel has been detected with certainty 
y spectroscopic methods. 
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Efficiency in Crucible Melting 


G. K. EaGueston,* Detroit, Micn. 


Abstract 


In years gone by foundrymen gave little attention to 
the seemingly unimportant foundry factors. However, in 
the last score of years these unimportant factors have be- 
come major experiments from which a great deal of the 
present progress of the industry has originated. This 
paper is just such an experiment on an understanding of 
what happens in the flame and the surrounding furnace 
walls when a metal is melted. The constituents of the 
flame, the theory of burning, the methods of conducting 
heat and crucible absorption of heat is explained from a 
chemical and thermal view point. Experiments were con- 
ducted to determine the efficiency of various fuels and the 
amounts of B, t. u. needed under various circumstances. 
Data of these experiments are given and discussed. 


INTRODUCTION 

1. This paper was prepared with the thought that some foun- 
drymen, now using gas or oil-fired crucible melting, might in some 
small way improve the efficiency of their melting through a better 
understanding of the physical laws of heat as applied to this type 
of melting. Also, that the information might aid those contemplat- 
ing the purchase of such equipment to better judge the merits of 
the various pieces on the market. 


» 


2. It is not the writer’s intention to show the exact magni- 
tude which the different conditions have upon the efficiency of a 
furnace but to merely show the tendency in as simple a manner as 
possible. Melting with gas will be used for the illustrations merely 
to make the paper less complicated because, in basic points, it makes 
very little difference whether gas or oil is being used. 


* Metallurgist. Detroit Lubricator Co. 


Note: Presented before Non-Ferrous Session, 43rd Annual Convention, Cincinnati, 
Ohio, May 15, 1939 
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COMPOSITION OF FLAME 

3. Very broadly speaking, the process of melting consists of 
transferring the heat of the flame to the metal in sufficient quan- 
tity to cause it to melt. 

{. The flame seems to be the logical starting point, so let us 
see of just what it consists. The two elements carbon and hydro- 
ven are the active ingredients of fuel, whether it be wood, coal, 
coke, oil or gas. Carbon is a very common non-metallic solid; two 

its commercial forms being lamp black and graphite. Hydrogen 
s a gas much lighter than air and very inflammable, as illustrated 
by the recent disaster of the dirigible Hindenburg at Lakehurst, 
N. J. 

5. One might wonder why all these fuels, varying from a 
solid to a gas, are composed of the same elements, but carbon and 
hydrogen have the ability to combine in numerous proportions 
the products of which will be solid, liquid, or gaseous, depending 
upon the percentage of each element present and the conditions 
under which they were combined. 


BuRNING THEORY 

6. Burning or combustion of a fuel consists of combining 
the carbon and hydrogen of the fuel with oxygen. When such a 
combination is made, large but very definite quantities of heat are 
produced. One pound of carbon when combined with the proper 
amount of oxygen will produce 14,544 B.t.u., or a pound of hydro- 
gen (52,000 B.t.u.). 

7. The B.t.u., or British Thermal Unit, is the most generally 
accepted unit of heat. It can be defined as the amount of heat 
required to raise the temperature of one pound of water one degree 
F. For example, 100 B.t.u. would heat 100 pounds of water one 
degree F. or one pound of water 100°F. 

8. When hydrogen burns it forms water, or more correctly 
very hot steam or water vapor. The question of the effect of mois- 
ture in the air on the metal being melted has often been raised. It 
must be remembered in the case of gas, and to a lesser extent with 
oil, water vapor is one of the natural constituents of the flame even 
though the air used be perfectly dry. On the other hand, water in 
the air is very detrimental to the fuel as it lowers the flame temper- 
ature. 

9. The product of combustion of carbon is carbon dioxide, 
a very common gas; it being the gas contained in most all earbon- 


ated beverages. 
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Heating Value of Fuel 


10. ‘The heating value of a fuel is expressed in the numbe: 
of B.t.u. per given quantity, which for coal is per pound; for oil. 
either per pound or gallon; for gas, per cubic foot. When a gas 
is rated at 540 B.t.u., it means that there is enough earbon and 
hydrogen contained in a cubic foot of it to produce 540 B.t.u. whe: 
combined with sufficient oxygen. 


Oxygen in Combustion 

11. The source of oxygen for such combustion is air whic! 
contains approximately 23 per cent oxygen by volume. The bal- 
ance can be considered nitrogen or other inert gases that are in- 
active so far as combustion is concerned. If it requires 2.5 eu. ft 
of oxygen to burn a cu. ft. of a 1025 B.t.u. natural gas, it will be 
necessary to use 10.7 cu. ft. of air to obtain this oxygen. The 82 
en. ft. of nitrogen acts as a dilutant which lowers the flame temper- 
ature. This gas burned with the proper amount of air will have a 
flame temperature of about 3600°F., but if burned with pure 
oxygen it would be several thousand degrees higher. It is very 
important that the flame temperature be kept as high as possible 
The reasons for this will be discussed at length later, but we want 
to bring out now the effect of using an excess of air over and above 
that required for perfect combustion. The result is simply a fur. 
ther dilution which reduces the flame temperature. A 20 per cent 
excess of air used with the above gas would reduce the flame tem- 
perature from 3600 to 3300°F. Also, if insufficient air is used the 
gas is not completely burned and the result is about the same as 
using an excess of air as far as reducing the flame temperature is 
eoncerned. 


Combustion Example 


12. Continuing to use the same gas as an illustration, let us 
assume we have a crucible furnace of simple design, similar to 
Fig. 1. For every eubie foot of gas burned with perfect combus- 
tion, we have 960 B.t.u. at a temperature of 3600°F. It will be 
noted that 960 B.t.u. is being used instead of the 1025 B.t.u. at 
which the gas is rated. This is due to absorption of heat by secondary 
chemical reactions that take place at temperatures above about 
2600°F. If we assume that in order to bring our metal out of this 
furnace at the proper temperature we must exhaust the flame from 
the furnace while it is still at a temperature of 2500°F. Under this 
condition, the flame carries out 625 of our 960 B.t.u. with it, leav- 
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CROSS-SECTIONAL VIEW OF SIMPLE CRUCIBLE, FURNACE WALL, SHELL, AND 
BuRNER Port. 


¢ 335 B.t.u. to do our melting. If we had an excess of 20 per cent 

there would be only 270 B.t.u. left and if 50 per cent, 160 
B.t.u. 

13. A 50 per cent excess of air may sound like an unreason- 
able amount but such excesses are often used, sometimes due to 
poorly designed burners, combustion chambers, or through neglect. 
When such a condition does exist, it might easily double the fuel 
onsumption. 

14. The problem now is to make the most efficient use of these 
remaining B.t.u. Before continuing, we should first review the 
lifferent ways that heat can be transferred from one substance to 
another. First, heat will flow in one direction only and that is 
from a hot object to one at a lower temperature, and the rate of 
flow depends upon the difference in temperature between the two 
bjects; the greater the difference in temperature, the more rapid 
the transfer will be, which is one of the main reasons for maintain- 
ng a high flame temperature. 


METHODS OF TRANSFERRING HEAT 

15. Heat can be transferred from one object to another by 
three methods — Conduction, Convection, and Radiation. 

16. Conduction: The heat is transferred from one part of 
a body to another part of the same body without any motion of the 
body. For example, if the end of a metal rod is held in a flame 
the other end gradually becomes hot due to the heat traveling 
through the rod. The ability of a substance to pass heat differs 
greatly with different substances; this ability is called thermal 
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eonductivity. Copper is one of the best conductors of heat and if 
we call its thermal conductivity 100 per cent, aluminum would be 
about 50 per cent, steel 12 per cent, firebrick 0.3 per cent, and air 
0.06 per cent, which means that a piece of copper is able to con- 
duct eight times as much heat as a piece of steel under the same 
conditions, or 300 times as much as firebrick. 

17. Convection: The heat is carried by the motion of a 
heated substance. A very familiar illustration is the heating of 


houses by circulation of hot air. 


18. Radiation: Heat transferred by radiation does not need 
any substance to carry it from its source to the object being heated, 
but travels through space in much the same manner as light. The 
heating of the earth by the sun is entirely by radiation. The heat 
rays from the sun travel through millions of miles of sub-zero space 
to reach us but they do not produce the sensation of heat until 
they strike a substance capable of absorbing them and when ab- 
sorption takes place heat is produced. Substances vary in their 
ability to absorb this radiant heat. Lamp black is one of the best 
absorbers and is usually designated 1.0, which means that it is 
eapable of absorbing all heat rays striking it. Whereas, silver rated 
at 0.03 reflects most of these rays just as a mirror reflects light and 
therefore very little heat is produced in the silver. A substance 
which absorbs heat rays readily also has the ability to give them 
off readily when heated, so a good absorber is also a good radiator 
of radiant heat and a poor absorber like silver will radiate but 
little heat. 


CRUCIBLE HEATING 

19. For our illustration, we will assume that our gas has been 
completely burned with the proper amount of air before coming 
into contact with the crucible. This is important for at least two 
reasons, (1) so that maximum flame temperature has been reached, 
and (2) one of the principal constituents of a crucible is graphite 
which burns quite readily and if a flame carrying unused oxygen 
eomes into contact with the crucible the graphite will be burned 
out, thereby greatly reducing the life of the crucible. About the 
worst condition in this respect is when the flame from the burner 
strikes directly against the crucible. Sufficient combustion space 
should be provided below the crucible to allow combustion to be 
completed before the flame comes into contact with the crucible. 


20. As the flame travels upward between the furnace wall 








G. K. EGGLESTON ib 


and the crucible it gives up some of its heat to both. As a gas 
flame produces very little radiant heat, this heating is a combina- 
tion of conduction and convection. Now first consider the crucible. 
When the outer side of the erucible is heated, the heat must be 
ndueted through to the inside by conduction and then passed on 
to the metal mostly by radiation. Two desirable properties a 
ucible should have are (1) ability to transfer heat rapidly and 
7) ae be a cood radiator and absorber of radiant heat. Most 
rucibles are made of at least two of three materials—clay, graph- 
and silicon carbide; some contain all three. Silicon carbide 
ind graphite are both high in conductivity and good absorbers and 
radiators of radiant heat, but clay is about the poorest conductor 
n the line of refractories, but a fair absorber. The various com- 
binations of these elements produce crucibles with considerable 
variation in properties, but as a whole the crucibles on the market 
oday meet the requirements very well. 


21. The heat picked up by the furnace wall can only be trans- 
ferred back to the crucible by radiation. Another point in con- 
nection with radiant heat is that the amount of heat radiated by a 
hot body varies as the fourth power of the absolute temperature, 
which means that a relatively small increase in temperature pro- 
duces a large increase in the heat radiated. For example, a fur- 
nace wall at 2700°F. will radiate 33 per cent more heat than one 
at 2500°F. This again shows the desirability of maintaining a 
high flame temperature. 


22. Using a high flame temperature, with the resulting high 
furnace wall temperature, brings up a refractory problem. The 
regular run of firebrick will not stand these high temperatures, 
making it necessary to use other material which will. At the 
present time, silicon carbide seems to give very satisfactory results 
when properly insulated. The importance of insulating the furnace 
lining eannot be too strongly stressed. As previously shown we 
have only 335 B.t.u. of our original 1025 left to work with and any 
heat which escapes through the furnace wall means there is just 
that much less available to melt the metal. 


FURNACE SHELL TEMPERATURES 


23. If our furnace was designed to hold a No. 80 crucible, it 


would have about 25 sq. ft. of outside surface including the cover. 
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Heat Losses in Crucible Shell 
24. The heat losses from such a furnace with different s 
temperatures might be something like shown in Table 1. 
Table 1 
Shell Te mp., Heat Lost 
Degrees Fahrenhe - U. per hr. 
200 9,100 
300 15,000 
100 27,000 
500 42,500 
600 62,500 
700 87,500 
tvalab é Heat Loss 
‘ 
; 2d. If our gas input is 500 ecu. ft. per hour at 335 usable 
: B.t.u. per cu. ft., there would be available 167,500 B.t.u. for melt 
4 ng from which we must deduct the losses from the furnace shel} 
Table 2 
Available 
Shell Temp., Heat Lost, Gas Waste 
Degrees Fahrenheit Per Cent Per Cu. Ft. Per Hi 
200 5.4 27 
300 9.0 45 
400 16.1 80 
500 25.0 125 
600 37. 185 
700 52.0 260 
The percentage this loss is of the available heat and what it amounts 
to in eu. ft. of gas wasted is shown in Table 2? 
INSULATION 
26. The data of this table indicate the advisability of keep- 
ing the furnace shell temperature as low as possible and the sim- 
plest way to do this is to use some type of insulation between the 
refractory lining and the shell. The amount of insulation neces 
sary will depend upon the refractory brick used; the higher the 
thermal conductivity, the more insulation necessary. Silicon car- 
’ 


bide will require most, magnesium oxide next, then mullite and 
least of all firebrick. 

27. Unfortunately, a great many of the crucible furnaces 
now in use were not designed to use insulation and consequent!) 
the shells are too small to allow its use without reducing the cruc! 
ble size. Some foundries have found it profitable to make new 
shells in order to be able to use the more refractory materials for 
linings and the necessary insulation they require. While it does 
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seem to be general practice, we believe the furnace covers 
should also be insulated. 


Table 3 

Maximum Furnace 

Gas Input Temp. Obtainable, 

Units Per Min. Degrees Fahrenheit 
50.0 2200 
61.3 2400 
70.8 2480 
100.0 2640 
112.0 2670 
122.5 2700 
141.5 2780 


28. Several years ago a foundryman, telling his experience 
vith insulation, said that he was using firebrick linings without 
particular difficulty until he tried insulating. When this was 
lone, the lining melted out on about the first heat soc he gave it up. 
If he had stopped to analyze the situation he might have discovered 
the reason it melted was because the heat was staying in the 
ek and inereasing its temperature instead of going through it 
and out the shell. Had the lining held up he would have found the 
melting time reduced, or if the fuel input was reduced to a point 
where the lining attained the same temperature as it did before 
ising the insulation, the melting would be done in about the same 
time but with less fuel. 


HEATING EXPERIMENTS 

29. We ran several experiments involving furnace tempera- 
ture, fuel input, and melting time which might serve to illustrate 
some of the points mentioned in this paper. The first step was to 
letermine the maximum furnace temperature obtainable with vary- 
ing fuel inputs. The figures used for fuel input are only relative 
ind do not refer to any definite standard of measure. Table 3 
gives the maximum furnace temperature obtained over a range of 
0 units to 141.5 units. This table shows that tripling the gas input 
mly raised the furnace temperature about 600°F., but the vast 
lifference this 600°F. makes in melting time is shown in Table 4. 


Table 4 
Gas Input Max, Furn. Temp., Melting Time, 
Units Per Min. Degrees Fahrenheit Minutes Gas Units Used 
50.0 2200 27 1350 
61.3 2400 15 920 
70.8 2480 11 780 


100.0 2640 7 700 
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3oU When the furnace and crucible had reached its maximum 
temperature for a given fuel input, the crucible was charged and 
the melting time and fuel Input recorded until the charge was 
melted (1900°F These results appeared so interesting in that a 
100 unit input melted four times as fast as the 50 unit, with about 
one half the fuel consumption, that we decided to start with a eold 
furnace, crucible and metal, and bring it up to pouring tempera- 
ture (2250°F.) using inputs of 100 units and 61.3 units. This 


would represent the first heat in the day. These results are shown 


Table 5 
Metal Temp., 100 Units Input 61.3 Units Input 
Degrees Time, Time, 
Fahrenheit Units Used Minutes Units Used Minutes 
Melted 2700 27.0 2880 46 
2050 2850 28.5 2970 48 
2100 2950 29.5 3060 50 
2150 8100 31.0 3240 52 
2200 3200 32.0 3490 55 
2250 3350 33.0 4160 57 


31. This again showed that the higher gas input is more eco- 
nomical both as to fuel consumed and the furnace capacity which 
was practically doubled. This greater efficiency all goes back to 
maintaining a high furnace temperature. 

32. The metal was poured from the crucible after the preced- 
ing test, recharged with metal and again brought up to pouring 


temperature, thus giving the condition that should exist after the 


Table 6 
Metal Temp., 100 Units Input 61.8 Units Input 
Degree Time, Time, 
Fahrenheit Units Used Minutes Units Used Minutes 
Melted 700 7.0 920 14.5 
2050 750 7.5 950 15.0 
2100 850 8.5 1010 16.0 
2150 900 9.0 1135 18.0 
2200 950 9.5 1300 21.0 
2250 1050 10.5 1720 27.0 


first heat is poured (Table 6). Here again the economy of the 
higher fuel input or furnace temperature is evident to a greater 
extent than when starting with a cold furnace. The melting time 
for the 100 unit input being 2.5 times as fast as the 61.3 unit input 


and the fuel consumption 40 per cent less. 
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Experimental Heating Results 


33. The results of this last test, Table 6, are shown graph- 
lly in Fig. 2. This chart illustrates how the rate of metal heat- 
ing slows down as it approaches the maximum furnace temperature 
ind the necessity and economy of maintaining high furnace tem 
perature if melting speed or furnace capacity are of importance. 
In the melting of alloys that are poured around 2400°F., as re- 
juired for some of the nickel silvers, it would be practically im- 
ossible to get the metal that hot, using the 61.3 unit input, inside 
several hours. Judging from the direction of the curve, this 
vould be extremely expensive and detrimental to the metal, but 
still it is being done every day. 


34. The results just described were obtained in the labora- 

ry using a rather small furnace. It is possible the results obtained 
from a production size furnace may not be so striking, but as 
stated in the beginning of this paper it is only intended to show 
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the effect the different operating conditions may have on the eff 


ciency of the furnace and not the exact magnitude. 


PREHEATING THE AIR 
5 Another point which should be considered is that of 
preheating the air used for combustion. This is common practice 


in several industries but rather the exception in crucible melting 


As an illustration—if the gas we have been using as an illustra- 
tion in this paper was burned with air that had previously bee 
heated to 1000°F., the flame temperature would be increased fron 
3600 to 3900°F. and the B. t. u. available for melting would in- 
erease from 335 to 440, an increase of 34 per cent. If the gas js 


also preheated, still further increases in flame temperature 


B. t. u. content will be obtained. 


36. Plenty of heat is being discharged from the furnace t 


heat the air and gas if properly handled. The original cost of 
preheater might be rather expensive but we believe it would mor 
than pay for itself in a short time in fuel savings and increased 


furnace capacity. 


Review oF MELTING FURNACES 
37. Before closing, it might be interestine to review the 
several common types of melting furnaces used in the non-ferrous 
foundries; namely, coke-fired crucible, oil or gas-fired stationary 
erucible and tilting crucible, open flame and electric, and compare 


their efficiency with that of the oil or gas fired erucible furnace 


Fuel Cost and Furnace Efficiency 

38. First, consider the fuel cost. It is rather difficult to make 
any general fuel cost comparison due to the variation in prices, 
especially that of gas and electricity. Taking the current prices 
at our plant in Detroit, the cost per 100,000 B. t. u. of each of the 


fuels would be: 


Coke ah MN ee aes ale yg cal ivss cae salar ee ae ee $0.024 
| ee SP ee re ee eee 0.049 
BE FtelGsreerdse ed 3.43.50 oo dae wad Fate oe g oe kee 0.075 
OPO Ne eee ere es 0.380 


This indicates that coke is the cheapest fuel to use and electricity 
the most expensive, but if we calculate the efficiency of the fur- 
naces using these fuels we find that coke is about 6.3 per cent 
efficient ; that is for every 100 B. t. u. produced by the burning of 
the coke, only 6.3 per cent are picked up by the metal. Oil would 
be about 10 per cent efficient and gas 11 per cent, with electricity 
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65 per cent. The reason that electricity shows such a high efti- 
ney compared with the other fuels is that there is no flame 
tted from the furnace, practically all the loss being through 
» furnace shell. 


39. Refiguring the cost of our fuel on the basis of the B. t. u. 
hat actually go into the metal, the costs per 100,000 B. t. u. and 
expressed as costs per ton melt, are shown in Table 7. This table 
ndieates that gas would be the most expensive fuel to use and 
coke the cheapest. It is the writer’s opinion that the natural gas 
rate in Detroit is considerably above the average and a more nor- 
mal condition should make gas comparable with oil. 


Table 7 
Cost per Fuel Cost 
Fuel 100,000 B. t. u. Per Ton Melt 
i ne $0.39 $2.52 
ae 2s 0.49 3.18 
Ee eae 0.68 4.40 
Electricity .... 0.58 3.77 


Crucible Cost 

40. While fuel is a large item of cost, other items must also 
be given careful consideration, such as crucible cost. Coke-fired 
crucible furnaces on the average give the shortest life and resultant 
high cost. Oil or gas-fired stationary furnaces can give 15 to 20 
per cent more life than coke-fired, and tilting furnaces 35 to 45 
per cent more. The shorter life of crucibles in stationary type 
furnaces is due to the mechanical handling. 


41. The open flame or electric furnaces do not use crucibles 
as the metal is in direct contact with the lining of the furnace, 
but the refractory cost should not exceed that of the crucible cost 
in the tilting type crucible furnace. It must be remembered in 
the case of the tilting crucible furnace, as well as the open flame 
and electric, that some type of pouring ladle or crucible must be 
provided and this item runs into considerable expense. 


42. The writer prefers lined ladles in preference to crucibles 
because of lower cost, also they retain the heat of the metal much 
better. A erucible is designed to transfer heat rapidly during 
melting and also gives it off rapidly after being removed from the 
furnace, causing a very rapid drop in metal temperature during 
pouring and considerable discomfort to the pourer. 
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Metal Loss 

43. Another item which we cannot afford to overlook is that 
of metal loss during melting. This point is one of the chief argu. 
ments in favor of electric furnaces. Repeated tests run at our 
plant revealed that the metal loss in the electric furnace was con- 
sistently less than 0.5 per cent and in the ecoke-fired crucible fur- 
nace it was never under 2.5 per cent. 


Factors DETERMINING FURNACE PURCHASE 
44. What type and size of melting furnaces should I pur- 
chase? This question often confronts the foundryman. At least 
five factors should be taken into consideration. (1) Melting ea. 
pacity required. (2) Number of different. alloys melted. (5 
Fluctuations in production. (4) Metal loss. (5) Local fuel eosts. 


45. Generally speaking, the most efficient melting can be 
done in a large furnace when it is run at full capacity, regardless 
of type of furnace used. This condition would exist only where 
a foundry runs one type of alloy with a very steady production. 
If the production of such a foundry drops, it becomes necessary 
to operate a large furnace at low capacity which usually is not 
very efficient. It would be better to divide the melting among 
several smaller units so that as production decreases a unit can be 
cut out entirely and the remaining units operated at full capacity. 


46. A small foundry melting a number of different alloys 
must be able to use the same furnace for several alloys without the 
danger of contamination. This seems to be accomplished best by 
the use of crucible furnaces of the stationary type in which it is 
merely necessary to change the crucible when different alloys are 
to be melted. A large foundry that could use one furnace for each 
type of alloy might obtain better economy by using the large tilt- 
ing erucible, open flame or electric furnace. 


47. The local fuel prices combined with the other operating 
costs previously discussed should determine the most economical 
furnace to buy. 


48. There seems to be a tendency to purchase the furnace 
with the lowest initial cost. This may be the furnace that fits re- 
quirements best but on the other hand it might easily be the most 
expensive to operate due to inefficient operation and at the end of 
the year may cost twice as much as the best furnace on the market 
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19. We often think of a crucible furnace as consisting of a 
shell with a burner stuck in the side selling for less than $200.00. 
We believe this type of furnace is on its way out and will be re- 
placed by ones possibly costing 3 or 4 times as much, but well 
worth it. The writer believes, the fuel consumption can at least be 

in half, the melting time greatly reduced if not eut in half. 
Such a furnace should save several dollars per ton on melting cost 
ind if the proper steps are taken the metal loss should be reduced 

mparable with that of electric furnaces. This item alone would 
ay for a furnace in a short time. 


50. It has been the experience of industry that when there 
is a demand for a product it has generally been supplied, and if 
foundrymen want better furnaces they can have them but they 
must work with the furnace builder as in most cases he cannot 
afford to spend thousands of dollars designing and building a 
better furnace and then spend several years trying to convince the 
foundryman that he cannot afford to be without one. This condi- 
tion should be just reversed—the foundryman should demand and 
use better and more efficient equipment. 


CONCLUSIONS 


51. From the experimental work performed in connection 
with the preparation of this paper and the author’s observations, 
the following conclusions have been drawn in reference to gas or 
oil-fired crucible melting: 


(1) A general knowledge of the chemistry of com- 
bustion is beneficial for efficient furnace operation. 

(2) Flame and furnace temperature should be kept 
as high as possible. 

(3) Insulation of furnace shells against heat loss 
is desirable. 

(4) Melting efficiency can be improved by preheat- 
ing air and gas used for combustion. 


(5) It should be possible to further reduce metal 
losses in this type of furnace. 
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DISCUSSION 
Presiding: W.M. BALL, JR., Edna Brass Mfg. Co., Cincinnati, Oh; 


G. M. THRASHER! (Written discussion): The author of this pape 
is to be congratulated on a very interesting discussion of the subject 
and it is to be hoped that this will stimulate more thoughtful care and 
adjustment of furnace conditions for melting. In visiting many foun- 
dries we find numerous cases where combustion zones are insufficient 
in size for the crucible being used, also the crucible is set on too low a 
block resulting in too much space between the cover and the top 
the crucible, that burner adjustment has been neglected, that shells ar 
too small and linings too thin for the crucible size, etc. 


It would seem that in many cases more combustion space around th 
lower half of the crucible should be provided. The author has pointed 
out the desirability for using insulation with a refractory inner lining 
such as silicon carbide but if the combustion space is too narrow and 
the exit too large the flame will travel through without giving up much 
heat to the charge. 

R. H. STONE? (Written discussion): The reduction in the melting 
time resulting from an increase in the rate of heat input is show 
together with a corresponding decrease in the total heat units required 
to melt a given amount of metal. The great reduction in fuel cost wil! 
doubtless, be a revelation to many. In this connection it might be of 
interest to cite the results of experiments to determine the effect or 
the physical properties of the cast metal of variations in the melting 
time. These results? are given in Table 8. 


Table 8 
Errects oF MELTING TIME ON PHysICAL PROPERTIES 


Physical Tests —— 





Time of Tensile Elongation 
Melting Unit Melting, Strength, per cent in, 

Hours lb. per sq. in. 2 in. 
Tilting Crucible Furnace 1% hr. 19.8 23.5 
Pit Fire (Normal Practice) S kh. 15.6 21.5 
Pit Fire (Slow Melt) . 3% hr. 13.8 4.5 


Regarding metal loss there is, of course, a wide range in the per- 
centage given by various shops. The figures given by the author have 
been substantiated in some other shops. Likewise, there are authenticated 
records of metal losses of 1 and 1.10 per cent in the type of electric fur- 
nace referred to in the paper and also losses of well under 1 per cent 
with crucible furnaces as for example that of 0.085 per cent as reported 

' Elmira, N. Y., Representative, R. Lavin & Sons, Chicago. 


2 Vesuvius Crucible Co., Swissvale, Penn. 
8 Table from Metal Industry (London) May 11, 1934, “Fluxes and Slags in Brass 


Foundry,” by T. Tyrie. 
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Pritchard+. In that case the fuel was artificial or “city” gas and the 

| 80 per cent Cu., 20 per cent Zn. Generally speaking the percent- 

f loss will be higher if high zinc alloys in finely divided state such 
irnings and borings are melted and the losses will be lower with 

eh copper alloys melted, principally, in the form of ingots and this 
ationship is independent of the melting equipment used. The electric 
furnace will show a low metal loss melting relatively high copper brass 
ngots just as a crucible furnace will; and either furnace will show a 
igher loss melting high zine turnings. Some shops report that the 
tter type of charge can only be melted with reasonable economy in 


crucible furnaces. 


In paragraph 40 dealing with crucible cost, it is believed that gen- 
eral foundry experience shows that there is little difference between the 
number of heats obtained from a crucible used in either coke or gas 
and oil fuel provided the proper type of crucibie 1s used. As a matter 
of fact, for many years coke fires were considered less severe on cruci- 

les than oil or gas and crucibles as a rule gave fewer heats with oil 
and gas than with coke. Improvements by both the crucible furnace 
manufacturers and the crucible manufacturers and more skillful and 
inderstanding operation of the furnaces has resulted in about equal 
service with all fuels. The speed of melting with coke fuel can be 
greatly enhanced by the use of forced draft. 


Paragraph 35 deals with the subject of preheating the air which 
is very suggestive regarding further improvements in the design of 
crucible furnaces. The Gaskell furnace uses this principle but it is be- 
lieved there are very few such furnaces in operation today. Perhaps it 
is due for greater appreciation and development in the future. 

In conclusion it seems to me that Mr. Eggleston’s paper could well 
serve as a model for technical reports on account of the simple, under- 
standable language in which he has presented the theoretical considera- 
tions and the closely unified support rendered to the theory by the 
experimental work and data. 


CHAIRMAN BALL: I have enjoyed very much reading this paper in 
advance, because [ think there is the nucleus of a lot of thought here 
we can work out. In fact, in our own plant we are doing some of the 
things the author is talking about. It is amazing the troubles you can 
get into in crucible melting, due I suppose to that fact it has not been 
given the study it should. Crucible melting is probably the oldest type 
of melting we have and I believe metal can be melted efficiently and 
fine metals can be made in it. The writer of this paper has taken time 
to bring out key points one would naturally want to watch in studying 
control in this type of melting. 


R. W. Parsons®: On the second page of this paper the author 
mentions the flame temperature that should be possible as 3600°F. In 
paragraph 13, he mentions the proposition of excess air. 





* “Making Brass Melting Efficient,” Industrial Gas, May, 1985. 
*Ohio Brass Co., Mansfield, Ohio 
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nd later on, principally page 457, he mentions the importance 
of high flame temperature. I do not have any quarrel with any of thes 
figures, but is it not true that the usual operating flame is slightly 
oxidizing? This can be shown by gas analysis or, much simpler, by 
throwing in a block of soft pine wood and seeing how it burns; if it 
burns like an old straw stack, you can figure that it is quite oxidizing‘, 
The explanation may lie in the rate at which the flame is propagated, 
Perhaps what one wants is a short flame in a crucible furnace. So, to 
repeat my question, is it not true the flame one would use in the foundry 
is an oxidizing flame which would mean excess air? 


Mr. EGGLESTON: Mr. Parsons is right, it has not been practical 
to completely burn either gas or oil without using some excess of ai! 
With the burners in general use today, it is necessary to run the flame 
on the oxidizing side in order to obtain the maximum amount of heat 
from the fuel I believe that burners could be designed that would per- 
mit more thorough mixing of the fuel and air, and combustion chambers 
that would control the rate of combustion as to keep this excess ai: 
at a minimum. 


W. GEORGE’: There is a simple method for testing the crucible 
fired furnaces to determine whether the flame is oxidizing. Take a piece 
of cold zinc and pass it through the flame and if the flame is reducing, 
carbon will be deposited on the zinc and if the flame is oxidizing, carbon 
will not be deposited. One can adjust the flame in just a few minutes 
Another method is to pull the glass back from the charcoal covering 
and if you see clear metal, the flame is reducing; if you see oxidized 
metal, it is oxidizing. And for coke fired furnaces, you can be assured 
if the crucible sets below the flue you have a reducing atmosphere. If 
it sets up even or half way, you have an oxidizing atmosphere. And 
with electric furnaces you can tell by the shape and the way the elec- 
trodes are burning. If they are burning back on pencil points, they 
are oxidizing. 


G. H. CLAMERS: There is one point I think Mr. Eggleston did not 
touch upon that is really of considerable importance. He mentioned the 
fact that from the fuel efficiency standpoint it is desirable to apply the 
heat rapidly at a high temperature. There is no question about that. 
He mentioned the conductivity of metals but in referring to the metals 
he was speaking of metals in continuous form; viz, solid metals. When 
the charge consists of turnings or bulk scrap it is anything but con- 
tinuous, and the conductivity of such a charge is really quite low, as 
compared with that of solid metal. 


We had an experience years ago with large reverberatory furnaces 
Our furnaces were originally designed for coal operation and we de- 
cided to equip the same with oil burners. The oil burners chosen were 
of very high efficiency. It was easily possible to get very high flame 

6 This follows the method for estimating oxidizing furnace atmosphere in heat 
treating furnaces developed by the Carpenter Steel Co. (Bulletin No. 12) 


. Lavin & Sons, Chicago, Ill. 
* President, Ajax Metal Co., Philadelphia, Pa. 
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mperature, but our efficiency dropped down and our metal losses ran 


i 


terrifically, as compared with our previous practice. 


In analyzing the situation we found that we were supplying heat 
inits much more rapidly than the charge could by conduction absorb 
the same. This was the reason for the poor overall results. 


Dr. Carl Hering, frequently cited the electric fuse as an example 

the most efficient electric furnace possible. The melting of a fuse 
must be as nearly instantaneous as possible, thus approaching 100 per 
cent efficiency. It is important, therefore, to very carefully watch the 
onductivity of the actual charge to be melted. A charge of turnings 
has many voids and carries oxide films, and is, therefore, very poorly 
conducting. 


I wish to ask the following question for information; namely can 
any one cite an experience in making crucibles of a refractory material 
having high heat conductivity and high refractoriness and heat in- 
sulating properties. The material referred to is composed of a mixture 
of powdered ferrosilicon and refractory such as MgO and bonded, I 
believe, with phosphoric acid. Ferrosilicon, being metallic has a higher 
heat conductivity than carbon or carborundum. It seems to me that 
such a mixture should be excellent for making crucibles. It is claim d 
that the particles of ferrosilicon are completely enveloped in the bonded 
refractory and do not, therefore, contaminate the charge. Has any 
crucible manufacturer had experience with this material? 


Mr. EGGLESTON: Dr. Clamer has brought up a point that should 
have been included in the paper. Not only in respect to the inability 
of turnings to pick up the heat rapidly but the folly of trying to apply 
heat to any substance faster than its ability to pick it up. This same 
condition might exist if we applied heat to a furnace faster than the 
crucible could pick it up. 


It might be said that a furnace under a given set of conditions has 
a fuel input that will prove most economical and an input either greater 
or less will decrease the efficiency of the furnace. 


MEMBER: What would the author suggest as the proper construc- 
tion in order to increase the efficiency of the furnace? 


Mr. EGGLESTON: I am building an experimental furnace in which 
it is hoped the principles outlined in this paper can be carried out. The 
burners and combustion spaces can stand considerable investigation and 
it will most likely be found that the combustion chambers will have to 
be different for the different fuels or different grades of the same fuel. 
The space between the crucible and the furnace wall has not been given 
the consideration it deserves. The preheating of the air used for com- 
bustion seems to me to have considerable possibilities. Whether it will 
be a success or not depends mostly upon the design of a preheater. 
Air does not pick up heat very rapidly. This means that the air will 
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nave to be given considerable time in a preheater and as the qua 


used is quite high, th preneater might be rather bulky; making 


eparate unit rather than a part of the furnace proper might 
desirable 


The refractory problems in crucible furnaces seem to be fairly 
solved, or at least there ar refractories available that will take 


it most onaditions 











A Rapid Method for Determining Carbon in Plain 
Carbon Steels, for Control Purposes 


By H. H. BLosvo,* MINNEAPOLIS, MINN 
Abstract 


The method consists of comparing the magnetic per- 
meability of a bar of unknown carbon content with the 
magnetic permeability of a bar of known carbon content. 
The actual magnetic permeabilities are not measured, but 
the effect of the difference of potentials, created in coils by 
the collapse of induced magnetic flux, is measured with a 
ballistic galvanometer. When the bar with unknown car- 
bon content has the same carbon content as that of the bar 
with known carbon content, the galvanometer remains 
without deflection. When the carbon content of the un- 
known bar is greater than that of the known bar, the 
galvanometer deflects in one direction, and when less than 
that of the known bar the galvanometer deflects in the op- 
posite direction. The deflection becomes greater as the 
difference in carbon content becomes greater, and a graph 
is constructed by plotting the deflections of the galvano- 
meter against the actual carbon content, as determined by 
the combustion method. The time required from the time 
the test sample is poured until the carbon content is deter- 
mined is not over 2.5 min. 


INTRODUCTION 





This instrument was developed mainly to satisfy, and was 


the direct result of a need for, a rugged but cheap instrument, 
‘apable of rapidly determining the carbon in the melt of small 
electric furnaces. In small electric direct-are furnaces, the reactions 
between the metal and slag are very rapid, and chemical methods 
are too slow to be of much value in control work. The most rapid 
‘hemical methods of today require over 5 min. from the time the 
sample is poured until the carbon has been determined, and in most 


ad Metallurgist, Minneapolis Electric Steel Castings Co. 


Note: This paper was presented at a session on Steel Castings at the 43rd Annual 


. Convention, Cincinnati, Ohio, May 17, 1939. 
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foundries, the time required is more than twice this time. Whe; 
chemical methods are used, an experienced chemist must be at tl 
melting departments disposal at all times. The instrument herein 
deseribed, may be operated by the melter right at the furnace an 
the earbon determined in 2 to 2.5 min. The change in carbon econ. 
tent of the bath is, of course, less in 2.5 min. than in 5 min. and 
therefore, closer control is possible when using this instrument 
than when using the best and latest chemical equipment. Further. 
more, the cost per determination is much less and quite often pro- 
duction is speeded up. 

2. The particular property of the steel which is indirectly 
measured by this instrument is magnetic permeability. There is 
one other instrument’* on the market, which is in fairly general 
use today in the larger open-hearth plants, which measures the 
carbon content by indirectly measuring the magnetic permeability. 
The instrument (Fig. 1 to be herein deseribed is of much simpler 


design; is more rugged in construction; is portable, and, due to its 





Fic. 1—INSTRUMENT FOR DETERMINING CARBON PERCENTAGES IN PLAIN CARBON STEELS BY 
MAGNETIC PERMEABILITY. 


design, the total scale of the galvanometer is used for useful read 


ings. Due to its simplicity, it ean be produced at a relatively low 


} 
| 


cost. One other non-chemical method recently has been developed 
which measures the coercive force of cast samples*, but the time 
necessary for the determination is about 5 min., or twice that nec- 
essary with magnetic permeability methods. 


DESCRIPTION OF APPARATUS 
2. In instruments where a single specimen is used, and where 
the deflection of a ballistic galvanometer is used to measure the 


1* Superior numbers refer to bibliography items at end of paper. 
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of change in permeability with carbon content, the galvano- 
meter must have a large scale and be of a very sensitive nature to 
obtain the proper accuracy. The reason for this is that the greater 
part of the deflection has no value in the analysis but is inherently 
nresent. To make this point clear, let us take the following read- 
ings from one of these instruments: A 0.10 per cent carbon steel 
has a deflection of 119, and a 0.40 per cent carbon steel has a de- 
fection of 79. All values for carbon steels in the range of 0.10 to 
0.40 per cent carbon will lie between 79 and 119 deflection. In 
other words, only 34 per cent of the deflection is useful reading. 


4. To get the scale for useful readings large enough to dif- 
ferentiate between small amounts of carbon, the total scale must 
be large. This requires a galvanometer that is very sensitive to 
vibration and which must be suspended with springs to absorb the 
sual vibrations in commercial plants. The cost of such galvano- 


meters is also high. 


5. These disadvantages were overcome in the instrument de- 
signed in our laboratory and used for control purposes in our 
plant for almost 2 years. The design of this instrument is shown 
in Fig. 2. The instrument consists of two complete electrical cir- 
cuits: the primary ‘‘abedef’’, and the secondary ‘‘ghk’’. The 
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primary consists of the following parts: a battery, ‘‘a’’, a key type 
switch, ‘‘b’’, which must be of such design that the current can be 
c’’, a rheostat, ‘‘d’’, and two identi 

<< ,, 


eal coils, ‘‘e’’ and ‘‘f’’. The secondary consists of the following 


é 


broken rapidly, an ammeter, 


parts : two identical coils, ‘‘g’’ and ‘‘h’’, and a galvanometer, ‘‘k’’ 


sé 


6. Bars ‘‘2’’ and ‘‘j’’ are chill-cast, steel bars, such as are used 
for analytical samples in this method. One of these bars is retained 
permanently in the instrument with which the unknowns are com 
pared. The carbon content of the permanent bar should be in the 
middle of the range that the particular plant is operating. Let us 
designate ‘‘2’’ as the permanent bar and ‘‘j’’ as the bar to be 
analyzed. In our particular plant the bar ‘‘7’’ has a earbon content 


of about 0.212 per cent. 


T'¢ chn ical De tails of O pe ration 


7. The primary is so constructed that the coils ‘‘e’’ and ‘‘f”’ 
are equally energized and so that the magnetic fields created in 
the two specimens ‘‘2’’ and ‘‘7’’ are similar. To do this, the coils 
“*e’? and ‘‘f’’ may be connected either in series, as shown here, or 


‘é 


in parallel. The secondary coils, ‘‘g’’ and ‘‘h’’, are connected in 


series, but in such a way that the induced potentials are opposed to 
66499 


each other. Now let us assume that we have a bar ‘‘j’’ which has 


’? and that its heat treatment 


the same carbon content as bar ‘‘t 
also has been the same (it will be taken for granted that all bars 
henceforth have had identical heat treatment). The magnetic per 
meability will be the same for the two bars, and the magnetic fields 
about coils ‘‘g’’ and ‘‘h’’ will be the same. If switch, ‘‘b’’, is 
closed and opened, the magnetic fields about coils, ‘‘g’’ and ‘‘h’’, 
will build up and collapse. As a result of this change in magnetic 
flux, a potential is created by each of the two coils, ‘‘g’’ and ‘‘h”’, 
but the potentials are equal due to equal magnetic fields, and be- 
eause of opposed polarity of the two coils, no current will flow and 


the galvanometer, ‘‘k’’, will show no deflection. 


Galvanometer Deflection with Different Carbon Contents 


8. Ifa bar ‘‘j”’ is of lower carbon content than bar ‘‘1’’, bar 
‘‘7’? will have greater magnetic permeability than bar ‘‘i’’ and, 
therefore, a greater magnetic flux will be built up in ‘‘j’’ than in 
‘‘7?? when switch, ‘‘b’’, is closed. In this case, the induced potential 
in coil ‘‘g’’, will be greater than that in coil ‘‘h’’ when the switch, 
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’’ is closed or opened. There is, therefore, a momentary flow of 

‘rent as indicated by the galvanometer, ‘‘k’’. This deflection of 

calvanometer is in one direction in closing the primary circuit 

| in the opposite direction in opening the primary circuit. The 

flection in either case being about the same; however, the de- 
m obtained in breaking the circuit is a little more dependable 

ind has been used throughout all our work. In the case where ‘‘j’’ 
s of lower carbon content than ‘‘?’’, this deflection will be to the 
is side of the galvanometer and will be known as a minus 


eflection. 


’? is of higher carbon content than bar ‘‘i’’, the 
will be less than that of bar ‘‘1’’ 

| the magnetic flux built up in bar ‘‘7’’ will be greater than that 
n bar ‘*j’’. In this case, the potential created in coil ‘‘h’’ will be 


i 
A A 
Ih we 


greater than that in coil ‘‘g’’, when the switch, ‘‘b’’, is opened, and 


9. If a bar ‘*j 
ignetie permeability of bar ‘‘j 


? 


the deflection of the galvanometer will be in the plus direction and 


Ai 


will be known as a plus deflection. 


10. The strength of the momentary impulse created in the 
secondary varies with the difference in permeability of the two 
bars ‘*7’? and ‘‘j’’, and the difference in permeability varies with 
the difference in carbon content. The deflection of all bars ‘‘7’’ of 
the same earbon content, therefore, will be very nearly the same, 
providing that the current used in the primary is the same in all 
eases. An ammeter, ‘‘c’’, therefore, is maintained in the primary 
‘ireuit and a rheostat, ‘‘d’’, is used to adjust the primary current. 
The switch, ‘‘b’’, is so made that a spring holds it open except 
vhen the operator is using it. There is, therefore, no drain on the 
battery, ‘‘a’’, except during such time as the instrument may be 


in use, 


11. It was mentioned previously that in the single specimen 
instruments, the major part of the deflection was of no practical 
value. Let us take the deflections for the same carbon contents as 
n the above comparison, for the instrument used in our plant. A 
0.10 per cent carbon steel has a deflection of minus 4.0 and a 0.40 
per cent carbon steel, a deflection of about plus 7.4, Fig. 3. All 
specimens having a carbon content between 0.10 per cent and 0.40 
per cent will have deflections between minus 4.0 and plus 7.4. The 
galvanometer used in this instrument is graduated from minus 14 
to plus 14. The total scale length is only 1.25-in. In reading the 
deflections, the readings were estimated to 0.1 of a division. 
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GALVANOMETER Dercecriows 


Pw. 3 Curve Usep tro CORRELATE GALVANOMETER DEFLECTION wirH CARBON CONTEN 


DATA 


12. The data, from which the curve in Fig. 3 was derive 
were all obtained in actual production work in the foundry. Th 
charge, from which these heats were made, consists of 35 per cent 
shop returns, 50 per cent boiler plate or structural plate and pune! 
ings, and 15 per cent railway springs. About 20 per cent of th 
total production of this shop is alloy steel castings. The alloys 
mostly used are chromium, molybdenum, and nickel. The cleaning 
room is furnished with the pattern number, the number of eastings 
to be made, and the type of alloy to be furnished, as each order 
arrives, so that the risers and gates may be separated and kept 
separate. There are two reasons for this: first, the alloys may be 
reclaimed at a considerable savine when making heats of similar 
steel ; second, the alloys interfere when making plain carbon steels 
and might lead to trouble, especially in machining. It is, however, 
impossible to always make a complete separation of these alloy 
returns, and a certain amount is likely to be charged in the 35 per 
cent shop returns added to each heat. 


13. All alloys affect the readings of this instrument more or 
less, and their effect will be discussed at a little more length later 
in the paper. The general effect of all alloys, however, is to decrease 
the permeability and, therefore, to estimate a higher carbon content 
than actually is present. Due to small amounts of alloys getting 
back into the charge in some of the heats, the error in carbon 
content of some of the bars is greater than it would have been if 
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scrap had been selected so as to eliminate these allovs. It was 


folt. however, that the usefulness of such an instrument could best 


Teil, 
pe 


commercial plant. The bars referred to in this data were taken 


determined by taking all data during actual operation of a 


late in the heat and just before deoxidizing in the furnace. The 
estimated carbon reported was used in controlling the final carbon 
desired in these heats. 


14. Table 1 gives the data of 78 heats, the bars being taken 
by the author at the time previously mentioned. The permeability 
of these steel bars is affected by other factors than analysis. Some 

f these are size of bar, heat treatment, and cold working. These, 
wwever, can be very well controlled in taking the sample. The 
hill mold is reamed to size and fitted with cut off pins that restrict 
» cross section of the bar, so that it may be broken off to give 
the same size of bar each time. A description of the method of 
taking the bar will suffice to explain the control exercised over 
the heat treatment and how cold working is held to a minimum. 


TAKING THE TEst Bar 


15. The molten metal is removed from the furnace in a well 
slagged spoon. The average quantity of metal removed is about 
2 lb. The fluid slag on top of the metal is skimmed off and the 
metal allowed to cool somewhat. Aluminum is added by throwing 
a portion of 44-in. aluminum wire into the spoon and stirring 
lightly to mix aluminum with the metal. The mold then is poured 
and requires about a 14-lb. of metal. The most uniform bars are 
obtained by pouring with a slow but steady stream from the spoon. 
[f the pouring cup is choked, the air has to bubble up through the 
metal and a fairly rough bar usually results. 


16. A stop watch is started as soon as the mold fills and the 
mold is left untouched until 60 see. after pouring. It then is broken 
open and the bar quenched in water. In 10 sec., the bar is 
cold and is removed from the water and the top of the bar 
clamped in a vise. The bar is broken off by slipping a piece of 
'-in. diameter pipe about 15-in. long over the bar and bending 
back and forth until the bar breaks off at the reduced section. 
The bar is wiped fairly dry and then is ready for the instrument. 
The bar from which the chemical analysis is taken, is poured out 
of the same spoon as the bar for magnetic analysis. This bar is 
also chill-east in a split 54-in. square mold, 514-in. long. 
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Table 1 


Error, Weight of 








Combustion Sample Water A 

Heat salvanometer Carbon, Per Cent minus Bar, Tempera 

Vi Deflection Estimated Combustion! Estimated Grams ture, °F. G 
1469 0.7 0.222 0.229 0.007 131.8 0.25 
1470 2.7 0.148 0.150 0.002 132.0 oan 
1471 l 0.183 0.186 0.003 182.2 0.2 
1472 2.6 0.151 0.158 0.007 130.2 0.2 
1473 1.2 0.092 0.093 0.001 131.2 0.25 
1474 1.4 0.234 0.232 0.002 131.7 0.25 
147 3.6 0.115 0.115 0.000 130.7 9 
147¢ Ai) 0.188 0.137 0.001 132.2 0.2 
1478 ae 0.239 0 2 0.007 131.2 2 
1479 5 0.108 0.101 0.007 130.4 0.25 
1480 4.0 0.100 0.101 0.001 131.2 0.2 
1482 0.8 0.197 0.197 0.000 131.6 0.25 
1485 5 0.323 0.002 132.0 0.2 
1488 ).f 0.201 0.001 131.6 0.2 
1505 2.9 0.142 0.019 132.4 0.2 
1511 t 0.100 0.007 130.4 0.25 
1516 3 0.127 0.143 0.016 131.3 ( 
1568 2.7 0.148 0.154 0.006 130.8 0 
1570 0.3 0.206 0.217 0.011 131.7 0.5 
1571 2.6 0.151 0.161 0.010 131.0 0.5 
1573 0.8 0.224 0,224 0.000 132.1 { 
1574 2.6 0.151 0.154 0.0038 131.7 0.5 
L57¢ 3 0.127 0.134 0.007 131.5 0.5 
1577 0.135 0.147 0.012 131.2 0.5 
1579 ).220 0.227 0.007 132.4 0.5 
158 af 0.127 0.114 0.013 131.5 ( 
1583 1.0 0.100 0.109 0.009 131.2 0 
1585 3.3 0.127 0.127 0.000 131.2 0.5 
1586 1.3 0.187 0.17¢ 0.011 131.2 0 
1589 8.0 0.138 0.118 0.020 130.4 5 
159) Rel 0.191 174 0.017 131.2 0.5 
1592 2.3 0.161 0.141 —0.020 131.1 5 
1594 2.6 0.151 0.157 0.006 182.1 ( 
595 2.0 0.170 0.168 0.002 132.0 ( 
1600 4.2 0.092 0.097 0.005 132.1 ( 
1602 8.3 0.127 0.135 0.008 1381.0 0.5 
1604 6.2 0.346 0.350 0.004 132.2 0 
1605 1.1 0.191 0.200 0.009 132.0 0.5 
1606 3.6 0.115 0.128 0.013 131.1 0.5 
1608 1.1 0.191 0.196 0.005 131.7 0.5 
1609 1.0 0.193 0.179 0.014 130.6 0.9 
1612 1.1 0.191 0.184 —0.007 132.1 0 
1619 3.8 0.108 0.104 —0.004 131.8 : 0 
1620 4.4 0.084 0.093 0.009 131.7 69 0.5 
1623 2.4 0.157 0.147 —0.010 131.3 72 0 
1625 2.8 0.145 0.136 0.009 131.7 71 0.5 
1627 1.7 0.179 0.170 —0.009 132.0 68 0.5 
1631 2.8 0.145 0.129 —0.016 131.8 71 0.5 
1634 3.1 0.135 0.108 —0.032 131.3 70 0.5 
1636 4.3 0.088 0.090 0.002 131.8 , 0.5 
1637 0.1 0.213 0.206 —0.007 131.8 72 0 
16388 3.7 0.112 0.100 —0.012 30.7 70 0.5 
1639 3.8 0.108 0.111 0.003 132.1 71 0.5 
1642 3.9 6.104 0.098 —0.006 131.6 71 0.5 


1648 4.2 0.092 0.102 0.010 133.2 70 0.5 
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Table 1 (Continued) 


Error, Weight of 
Combustion Sample Water Alum+ 
uvanometer Carbon, Per Cent minus Bar, Tempera num,’ 
Deflection Estimated Combustion! Estimated Grams ture,°F.2 Grams 
0.2 0.215 0.217 0.002 131.1 71 0.5 
‘ 3.5 0.119 0.118 0.001 181.1 68 0.5 
647 2.2 0.247 0.244 —0.003 181.5 71 0.5 
3.3 0.127 0.123 —0.004 131.3 71 0.5 
2.8 0.145 0.149 0.004 131.3 71 0.5 
8.3 0.127 0.183 0.006 131.7 71 0.5 
3.6 0.115 0.184 0.019 131.3 70 0.5 
3.4 0.123 0.106 —0.017 181.1 68 0.5 
1.3 0.187 0.191 0.004 130.9 72 0.5 
8.7 0.112 0.112 0.000 132.1 0.5 
8.9 0.104 0.101 —0.003 131.3 70 0.5 
64 3.7 0.112 0.101 —0.011 181.7 70 0.5 
2.3 0.161 0.141 —0.020 131.4 71 0.5 
2.3 0.161 0.164 0.003 131.0 69 0.5 
2.5 0.154 0.145 —0.009 181.5 70 0.5 
1.8 0.187 0.184 —0.003 132.3 72 0.5 
3.5 0.119 0.108 —0.011 131.2 70 0.5 
2 1.9 0.173 0.144 —O0.029 131.0 71 0.5 
i 4.4 0.084 0.088 0.004 131.3 71 0.5 
4 i.4 0.185 0.198 0.013 181.5 70 0.5 
7 —3.2 0.181 0.123 —0.008 181.3 71 0.5 
—1.8 0.176 0.164 —0.012 131.3 71 0.5 
678 —1.8 0.176 0.159 —0.017 131.7 70 0.5 


1 The combustion carbon is that determined in our own Jaboratory. 

* The water temperature here referred to is the temperature of water 
sed in quenching the bars. 

‘The arrount of aluminum added to the metal before pouring sample bar. 


DETERMINING THE CARBON 
17. The bar is dropped into the instrument, key switch, ‘‘b,’’ 


‘6 ’” 


Fig. 2, is closed and rheostat ‘‘d’’ adjusted until ammeter ‘‘c 
indicates the current desired for the particular instrument, which 
n this ease is 0.135 ampere. The key switch then is rapidly opened 
and closed 10 times, which requires about 2 sec., and then left 
closed until the galvanometer has come to rest. The key switch 
is opened, while observing the galvanometer, and the deflection 
noted. To check the deflection, it is only necessary to close the key 
switch again and leave closed as before until the galvanometer 
comes to rest, which takes 3 sec., and then open switch while ob- 


serving the galvanometer. 


18. The reason for rapidly closing and opening switch before 
the reading is taken, is that especially the first and to some extent 
the next few deflections are quite erratic, but after opening and 
‘losing the circuit 10 times, the deflection becomes constant. Plot- 
ting the deflections as abscissas and the carbon contents as 
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ordinates, the curve in Fig. 3 is obtained. The time elapsed from 
the time the bar is poured until the carbon content is read from the 


curve is not over 2.5 min., if the instrument is at the furnace 


EFFECT OF WEIGHT OF TEsT BAR 


19. Before the proper technique was developed in taking th 
a SE VE i| bars were licht due to gas porosity. These bars indicated 
higher carbon than was found by combustion. After considerable 
experimentation, this porosity was eliminated entirely. There sti 
is a difference in weight of the bars, due to inequalities caused by 
the split mold, in breaking off the head from the rest of the bar 
and to difference in shrinkage at the centerline of the bar. To 
study the effect of the bar breaking off at unequal lengths, bar 
1617-2 was reduced in length by grinding and sawing, and the 
indicated carbon checked between each reduction. The data and 
results are recorded in Fig. 4. Another bar, 1613, was reduced in 
diameter by grinding along its total length. The data and results 
are recorded in Fig. 5. A bar from heat 1618 was then checked 
for the effect of a shrink at the centerline of the bar. This bar had 
a weight of 131.5 grams, a deflection of plus 2.2, which gives an 
estimated carbon of 0.247 per cent. 
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Fic. 4—Errect oF REDUCING THE LENGTH or Test Bars (Bar 1617-2). 


Estimated 
Estimated Carbon 
Weight, Galvanometer Carbon, Difference, 
Test Ne Grams Deflection per cent per cent Remarks 

1 181.5 —8.4 0.128 0.000 As received from foundry 
2 181.2 3.8 0.127 0.004 Head end ground smooth 
3 180.9 —8.15 0.188 0.010 Head end ground shorter 
4 127.9 2.1 0.167 0.044 Head end sawed shorter 
5 124.7 0.6 0.201 0.078 Head end sawed shorter 


6 128.6 0.1 0.218 0.090 Head end ground shorter 
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Fic. 5—Errecr or Repuctnc WEIGHT AND DIAMETER oF Test Bar (Bar 1613). 
Estimated 
Estimated Carbon 
Weight, Galvanometer Carbon, Difference, 
Grams Deflection per cent per cent Remarks 
131.5 2.45 0.156 0.000 As received from foundry 
2 130.4 —2.00 0.170 0.014 Bar ground along length 
129.5 1.60 0.181 0.025 Bar ground along length 
{ 128.3 1.40 0.185 0.029 Bar ground along length 
126.0 0.90 0.195 0.039 Bar ground along length 
123.7 0.50 0.203 0.047 Bar ground along length 


20. The bar was then drilled with a Y-in. drill for a distance 
f 7g-in. along the centerline of the bar and in the broken or gate 
end. The weight then was 130.2 grams, the deflection plus 2.5, 
which gives an estimated carbon of 0.252 per cent. In other words, 
for a reduction of 1.3 gram in weight, the error caused by that 
reduction was only 0.005 per cent carbon. The error caused by 
difference in weight of the bar is dependent upon the particular 
reason for the difference in weight. Table 2 lists the effect of a 
weight difference of 1.3 gram for the three types of weight varia- 
tions mentioned above. 


Table 2 


Errect oF WEIGHT DIFFERENCE IN THREE TYPES OF VARIATIONS 


Error in 


Wt. loss, Estimated carbon, 
Wt. Change Due to grams per cent 
I en ieee Ceetwws 1.3 0.018 
OC GR ob icc ceca ecw ens 1.3 0.017 
IT hairs canine d tctn es 1.3 0.005 


Effect of Bar Variations 


21. The effect of difference in weight due to length of bar 
and diameter of bar is about the same for the usual errors in weight 
found in actual practice. The effect of changing the weight at the 








—— 


ee eee Se 


ss 
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centerline, however, is only about 30 per cent as great as is indj. 
eated for the other two reasons. The molds are clamped tight wit) 
a strong clamp and no perceptible difference in diameter has beey 
found in the bars. The cut off pins are fitted permanently in the 
mold and only slight differences were found in irregularities of the 
fracture 


22. The main reason for difference in weight seems to |. 
due to the difference in shrinkage cavity along the centerline of 
the bar. This is substantiated by the results obtained in the 78 
bars of Table 1, where the difference in weight varies plus or minus 
1.5 grams from the average with apparently less effect than would 
be expected with a centerline shrink. This is probably due, how 
ever, to the fact that the centerline shrink is longer and of smaller 
diameter than the experimental cavity made in bar from heat 1618 
In fact, the results obtained seem to have no predictable effect 
due to difference in weight of the bar, except in cases where por- 
osity, due to not enough aluminum, gave bars of considerable 
underweight. As was said before, bars can be made without 


gas porosity by the proper technique in taking the bar. 


EFFECT oF ALLOYS 


) 


23. The effect of the usual amounts of residual silicon and 
manganese apparently has very little effect on the accuracy of th 
instrument. A few of the heats were checked for residual silicon 
and manganese with the results shown in Table 3 (first eleven 
heats). Some of these heats were run under much stronger oxidiz 
ing conditions than others so as to materially change the residual 
silicon and manganese contents. Three bars were poured directl) 
out of the bull ladle with considerably higher manganese content, 
and are recorded as the last three heats in Table 3. 


Effect of Manganese and Silicon 


24. In the first eleven heats of Table 3, there apparently \s 
no correlation between the silicon and manganese content and the 
error obtained with the instrument. However, when the mangan- 
ese is increased, as in the last three heats of Table 3, there is a 
rather rapid effect on the magnetic permeability and a considerabl 
error results. From these last three heats, it appears that the effect 
is due more to manganese than to silicon. In Fig. 6, the manganese 
content is plotted as abscissas and errors as ordinates on these 14 
heats. The curve obtained indicates in a general way the effect o! 
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Fic. 6—Errect or REsIpUAL MANGANESE ON ACCURACY OF READINGS. 


manganese. The number of tests having high manganese content 
are insufficient to definitely establish the slope of this curve. For 
control purposes, however, it is doubtful whether any melter would 
knowingly approach as high residuals as in heats 1573 and 1579 
Below these residuals there is apparently no sizeable effect of dif- 
ference in manganese and silicon content. The instrument, there- 
fore, can be considered not to be affected by the residual mangan 
ese and silicon contents present when used for control purposes. 


Table 3 
Data SHOWING EFFECT OF RESIDUAL SILICON AND MANGANESE 
Error, 
Combustion Combustion 
Carbon, minus Silicon, Manganese, 
Heat No. per cent Estimated per cent per cent 
1568 0.154 0.006 0.18 0.12 
1570 0.217 0.011 0.27 0.27 
1571 0.161 0.010 0.17 0.19 
1573 0.224 0.000 0.40 0.35 
1574 0.154 0.003 0.21 0.24 
1576 0.134 0.007 0.28 0.23 
1577 0.147 0.012 0.05 0.07 
1579 0.227 0.007 0.40 0.33 
1580 0.114 0.013 0.15 0.17 
1583 0.109 0.009 0.14 0.16 
1585 0.127 0.000 0.09 0.15 
1723 0.206 0.052 0.35 0.67 
1724 0.203 —0.026 0.21 0.56 
1730 0.267 —0.076 0.38 0.77 
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Effect of Chromium 


25. The effect of chromium alone has not been investigated 


enough to veta clear picture of its effect. The three bars in Table 4 


give an indication of the effect of chromium. The estimated earboy 


is from the curve in Fig. 3 for plain carbon steels. 


Table 4 
EFFECT OF CHROMIUM ON INDICATED CARBON PERCENTAGES 
Error, Per Cent 
Combustion Chromium 
Carbon, per cent minus Per Cent divided 
Bar Deflection Estimated Combustion Estimated Chromium by Error 
1630 3.8 0.279 0.231 0.048 0.239 0.050 
1677-1 5.7 0.330 0.262 —0.068 0.250 0.037 
1677-2 2.4 0.251 0.180 0.071 0.256 0.036 
26 At 0.25 per cent chromium, the apparent effect of the 


chromium is equal to 0.01 per cent carbon per 0.04 per cent chro- 


‘atio might differ, however, with different percentages 


mium. This 
of chromium or with different carbon contents and the same chro 


mium 


Effect of N ckel 


27. The effect of nickel was checked on only one heat. The 
combustion carbon was 0.064 per cent lower than that estimated 
from the plain carbon curve of Fig. 3, and the nickel content was 


0.87 per cent. The combustion carbon was 0.097 per cent. 


Effect of Molybdenum 


28. The effect of molybdenum alone was not checked at all, 
but four heats were checked with combinations of chromium and 


molybdenum. The results obtained are as shown in Table 5. 


29. The effect of the sum of the chromium and molybdenum 
is apparently about the same as an equal amount of chromium 
Besides these four heats shown in Table 5, 17 heats were run where 
the residual chromium and molybdenum were estimated to be 0.27 
per cent and 0.18 per cent respectively. The average error in these 
17 heats was minus 0.097 per cent carbon, or 0.01 per cent carbon 
for every 0.046 per cent of alloy. Of these 17 heats, 14 were within 
plus or minus 0.02 per cent carbon of the average error 


30. We have not been able to anywhere near approach this 


accuracy in alloy steels by the usual method of reading a fracture 








H. BLosJo 18:3 


Table 5 


EFFECT OF MOLYBDENUM ON INDICATED CARBON 


Error, Per Cent Per Cent 
Combustion Chromium Allow 

Carbon, per cent minus Per Cent plus divided 

\ Estimated Combustion Estimated Chromium Molybdenum Molybdenum by Erroy 

1624 0.201 0.138 —0.063 0.152 0.086 0.238 0.038 
1622 0.210 0.117 —0.093 0.214 0.140 0.354 0.038 
1645 0.292 0.220 —0.072 0.215 0.166 0.381 0.053 
1629 0.361 0.257 —0.104 0.213 0.420 0.633 0.061 


test. Our final carbons have been within much eloser limits on our 

chromium-molybdenum heats containing alloy returns, since we 

started to use this instrument and correct for the alloy ’s presence. 

EFFECT OF COLD WORKING THE TEST BAR 

31. Bar 1707 was subjected to various numbers of blows with 

14-lb. hammer. Each blow made a small impression on the bar 

r cold worked it locally at that spot. The results obtained are 
tabulated in Table 6. 

Table 6 
Errecr oF Coup WorK ON AcCURACY OF READINGS 


Estimated Carbon, 


Vo. of Blows Deflection per cent 
None i 4 0.231 
2 1.5 0.235 
10 21 0.245 
20 2.5 0.252 
50 3.2 0.266 
100 3.6 0.275 
32. It was because of this cold working effect that the heads 


were broken off by clamping the head in a vise and breaking the 
bar by slipping a piece of 14-in. diameter pipe over the bar and 
bending. This held the cold working to a minimum. At first, the 
bars were stamped with 4-in. steel figures for later identification. 
This stamping of four digits increased the deflection from plus 
0.1 to plus 0.3 due to the cold working of the bar. The bars were 
then filed in coin envelopes. 


DIscussION OF RESULTS 
33. In Table 7, the result of data in Table i is restated in 
condensed form. 
34. The errors are computed from the combustion carbon ar- 
rived at in our own laboratory. The combustion carbon is the aver- 
age of two determinations that check within 0.006 per cent carbon 
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Table 7 


STATISTICAL STUDY OF RESULTS GIVEN IN TABLE ] 


Error, 


Plus or Minus Per Cent Cumula 
Per Cent Carbon No. of Tests of Total Per Ce 
0.000 to 0.010 55 70.5 70.5 
0.011 to 0.020 21 26.9 97.4 
0.021 to 0.030 l 1.3 98.7 
0.031 to 0.040 ] 1.3 100.0 


To be sure the furnace and train were in proper operating cond 
tion, Bureau of Standards samples were checked to within plus or 
minus 0.005 per cent carbon prior to each run. Even though th 
most precise precautions are taken in determining carbon by com 
bustion, the results cannot be considered as perfect. This state 
ment may be substantiated by observing the results obtained by 
analysts of Bureau of Standards samples. As examples, plain car 
bon steels 65a and 15b have a maximum variation in carbon deter- 
mined by different analysts of 0.012 and 0.011 per cent, respec 
tively. In the case of a low alloy chromium-molybdenum steel, 
Bureau of Standards No. 72, this variation runs as high as 0.030 
per cent carbon between different analysts. 


Check Results 


35. To determine the variation in carbon content as deter 
mined by different analysts in these particular samples, ten samples 
were sent to two outside laboratories. The results determined are 
listed in Table 8. 


Table 8 
CHECK RESULTS FROM OUTSIDE LABORATORIES 


Per Cent Carbon — 


Heat No. Writers Lab. Lab. A Lab. B Estimated 
1580 0.114 0.115 0.116 0.127 
1586 0.176 0.197 0.177 0.187 
1589 0.118 0.111 0.126 0.138 
1591 0.174 0.182 0.167 0.191 
1592 0.141 0.151 0.137 0.161 
1605 0.200 0.212 0.194 0.191 
1609 0.179 0.189 0.172 0.193 
1612 0.184 0.189 0.183 0.191 
1625 0.136 0.135 0.120 0.145 


1627 0.170 0.169 0.164 0.179 
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6. The difference between laboratories on these samples is 
vreater than in the case of analysts determining the carbon on 
Bureau of Standards samples. There are, perhaps, several reasons 

s. In the first place, the sample is in all probability not as 
form in carbon content and in the second place only two deter- 
ations were run to check the carbon, in most cases. The fact 

remains, however, that considerable care was exercised by these 
three laboratories and still a variation of 0.021 per cent carbon was 


tained. 


(7. In control work, where speed of sampling and determin- 
‘arbon content is of utmost importance, it is not possible to 
make the analysis with the same degree of care as was used by 
these three laboratories. Furthermore, only one determination is 
run on the same sample and this must be accepted as correct for 
trol purposes. In the case of our laboratory, there were eleven 
eats in which the first determination was not included in the aver- 
ge used. In one particular heat, the first determination was 0.025 
‘cent higher than the average finally determined. 


38. The above discussion is included for two reasons: First, 
) make clear the fact that although combustion carbons are ear- 
ried out to three places, this determination is really not that ac- 
‘urate, as is shown in Table 8, and the carbons designated are only 
the average of the best efforts of one laboratory. This fact is quite 
mportant, as the error or difference between estimated and com- 
bustion carbon is very directly dependent on the accuracy of the 
combustion determination. Secondly, in control work where the 
melting department must depend on a single rapid determination 
ff carbon, the combustion method is subject to about the same 
magnitude of errors as is the magnetic permeability method of 


inalvsis 


> 
Advantages of Accurate and Rapid Carbon Determinations 


= 


39. Referring again to Table 7, the melter knew the carbon 
ntent of 70.5 per cent of his heats within an accuracy of plus 
r minus 0.01 per cent carbon about 3 min. before deoxidizing. He 
knew the earbon content of 97.4 per cent of his heats within an 
accuracy of plus or minus 0.02 per cent carbon at the same time. 
Only two heats out of 78, or 2.6 per cent, varied more than 0.02 per 
cent carbon from that indicated by the instrument. It is interest- 
ng to note that these two heats followed heats of chromium-molyb- 
lenum steel in the furnace. Heat 1589, with an error of minus 
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0.020 per cent carbon, also followed a chromium-molybdenum hea; 
in the furnace. It was noted that in most heats following alloy 
heats, the error was a minus one, although in most cases this error 
was less than 0.02 per cent carbon. 


40. Periods during which a relatively large number of alloy 
heats were run, the error would run quite consistently on the minus 
side. Heats 1622, 1624, 1628, 1629, 1631* and 1633 were chro. 
mium-molybdenum heats and those heats run during this period 

Table 1), and included in this paper, show a consistent minus 
error. Most of this error, in all probability, is due to some alloy 
remaining in the furnace, either in the slag or entrained metal 
but part of the error is more than likely due to alloy returns that 
are missed by the cleaning room in their separation, and come 
through as plain carbon returns. 


41. Let us now consider the use of this instrument in con- 
trolling the carbon of the finished heat. The melter works his heat 
so that the boil subsides at the same time that the bath comes to 
the required temperature. The bath, of course, must contain a cer- 
tain amount of carbon at this time, otherwise the slag and meta! may 
still be too high in FeO to finish properly. Whether this is the 
case or not, can be judged fairly well by a fracture test of the slag. 
When the melter decides that the heat is subsiding its boil under 
the proper conditions, the test bar is poured for the carbon deter- 
mination. 


42. The carbon of the bath should preferably be below 0.20 
per cent carbon, for reasons that will not be discussed in this paper. 
It also is desirable, however, to have the carbon below that required 
to finish the heat, as it is easy to add carbon but requires time to 
remove carbon. If the carbon at this stage of the heat is too high 
for finishing, iron oxide of some form is added to the slag and a 
boil reestablished. The heat is again worked as above, and when 
conditions are again right, another carbon test is taken. When the 
earbon is below that required to finish properly, the melter pro- 
eeeds with his carbon addition and immediately makes his deoxidiz- 
ing alloy addition. 


43. In making the carbon addition, a correction must be made 
for carbon lost during the 3-min. period required to sample and 
enalyze for the carbon, and for such losses as take place before the 


* Heat 1631 had no alloy returns intentionally added to the charge, although it 
was finished to alloy specifications late in the heat. 
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heat is tapped. In our shop, this loss amounts to about 0.03 per 
cent carbon. It is at this particular time of the heat that a rapid 
‘arbon determination is very desirable. When such a rapid deter- 
mination is at the melter’s disposal, he can permit his boil to sub- 
side almost completely before making his analysis. This means 
that the reaction between FeO and carbon has gone almost to com- 
pletion, and that very little change in carbon content will take place 
while his analysis is made. What little change in carbon content 
that does take place, can be quite accurately estimated, after a 
little experience, and a correction made for the same. On the other 
hand, if a longer method is used to determine the carbon content, 
the sample must be taken while there is still a rapid rate of boil. 
This being the case, the carbon elimination is more rapid and the 
time is longer, resulting in the necessity of having to make a large 
correction to the carbon actually determined. 


44. Under these circumstances, it is much harder to make the 
proper correction and greater error results. If the boil is allowed to 
practically subside before taking the sample, when a longer method 
f determining carbon content is used, the slag becomes viscous and 
strongly reducing conditions prevail, resulting in sluggish metal 
inherently low in physical qualities. 


CONCLUSIONS 


45. Much eloser control of carbon content in castings can be 
maintained when a short time method of carbon analysis is used 


prior to finishing the heat. 


46. A non-chemical method, which may be placed adjacent 
to the furnace and whose simplicity permits the melter to make 
his own carbou determination, obviates the necessity of having the 
chemical laboratory standing ready at all times to make these 
control analyses. It should not be inferred, however, that this 
instrument will eliminate the chemical laboratory, as that is not 
the purpose, but is rather to supplement the value of the chemical 
laboratory. 


47. The instrument described herein is especially valuable 
to a foundry whose production is mainly plain carbon cast steel 
and whose melting equipment is rapid. The instrument also has 
proved valuable for the control of carbon in low alloy steels, where 


the alloy residuals are controlled closely. 
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48. It is unfortunate that our foundry does not have the 
occasion to check residual carbons over 0.35 per cent, but the write! 
feels that the usefulness of this instrument could be extended into 


higher ranges of carbon, should there be such a demand. 
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DISCUSSION 
Presiding: JOHN HOWE HALL, Philadelphia, Pa. 


F. A. MELMOTH:! In these days of rigidly applied specifications, 
everything exercising an effect upon control is of interest. The time 
occupied by chemical analysis of pass tests on steel-making heats is a 
serious hindrance from two major points of view: First, the delay and 
consequent expense; second, the undeniable fact that the period between 
the taking of the sample and the receipt of the analytical results is 
often sufficiently long to obviate completely the value of the figures 
when they do arrive. The melter is therefore left to use individual 
judgment as to the effect of changes during the elapsed time, and it is 
difficult to see much benefit as compared with leaving such judgment 
as the final arbiter without analytical checking. ‘\‘ 


Reliance upon fracture and other characteristics is not sufficiently 
accurate for many materials produced today under rigid specification 
control, and a variation of behavior resulting from changing cooling 
conditions, and so forth, from time to time, plus the effect of possible 
alloys, render such reliance doubtful, to say the least. 


Vice President, Detroit Steel Casting Co., Detroit, Micl 
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The results given by the author, and analytically checked, give 
fication for believing this method offers promise of more accurate 
position control. It appears to me, however, that possibly the great- 
danger exists in the securing of a sound sample for test. Any 
indness would render the method as open to objection as are frac- 
estimations at present, and each plant taking the method up 
vely will need to develop most careful technique for insuring bars 
iable to be misleading. 


My experience of the carbometer being very scanty, I hesitate to 

nent on the comparative value or advantages of this and the 
nethod now being discussed, but I am sure, that on the author’s figures, 
the saving of time and therefore the increased possibility of closer con- 

make the method well worthy of increased study and application. 


The matter of alloy contamination of scrap, in such an area as 
troit, for instance, creates a problem. While in conditions of reason- 
e regularity of alloy content the comparison bar method offers a 
liable solution, yet such reasonable regularity does not exist, and one 
nnot depend on conditions remaining sufficiently steady as to obviate 

possibility of serious error. 


The method is interesting, and should be of considerable value if 
» above conditions can be cared for satisfactorily. 


Mr. Buosso: All I would like to say in answer to Mr. Melmoth’s 
liscussion is that if your foundry is located in such a place that your 
esidual alloys such as nicke], chromium or molybdenum, possibly cop- 
er, vary to a great extent, they naturally are going to affect the 
nstrument. That is granted. In our particular locality, the effect is 
iot great. The residuals are not large enough or do not vary enough 

really make much of an error. 


H. A. SCHWARTZ:2 (Written Discussion): It is regrettable that the 
ithor gives so little information concerning the electrical characteris- 
of his set-up. It seems quite likely that the success of his method 
lependent greatly upon the correct choice of a magnetizing field and 
this as in all other ballistic methods it is essential that the period 
the galvanometer be very slow, the limiting value depending upon 
rate at which current builds up in the secondary when energizing 
primary field; this in turn is related to the mutual and self induc- 
s of the circuits. 


[t would be very helpful to those who may wish to practice the 
ne method or investigate the accuracy of the published method if 
» author would give copious and exact detail as to the electrical con- 

stants and mechanical dimensions of his coils, the sensitivity and period 
his galvanometer and the current used to energize the primaries. 


Manager of Research, National Malleable and Steel Castings Co., Cleveland, O. 
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As the paper stands the author has shown that he is abk 
determine carbon content with desirable accuracy but has not adequately 
told others how to accomplish the same end. 


Mr. BLosso: In answer to Dr. Schwartz I should like to say that 
several different instruments have been constructed over a wide rang 
of magnetizing fields and satisfactory results have been obtained 0) 
each of them. The galvanometer used was a Leeds & Northrup numbe;: 


2330-a which has a period of 3 seconds. 
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The Influence of Composition on the Physical 
Properties of Gray lrons 


>» 


By R. ScHNEIDEWIND*, ANN ARBoR, MICH., AND 
R. G. McEuweet, Derrorr, Mic. 


Abstract 

The influence of composition, particularly of van- 
adium, on physical properties of gray irons is discussed. 
Carbon and silicon markedly influence the physical proper- 
ties. A measure of the composition is found in the relative 
quantities of primary austenite and eutectic liquid at the 
eutectic temperature, The factor C + 1/3 Si, previously 
suggested by other authors, is a practical although not 
precisely accurate means of determining this relationship. 
Quantitative figures have been presented showing the effect 
of section size on tensile strength. Ladle deoxidation im- 
proves the strength, deflection, and Charpy impact over a 
wide range of compositions. Curves and data are included 
showing the various physical properties when a carbide 
stabilizing alloy is added. 


INTRODUCTION 


1. The metallurgist who is purchasing castings but who has 
had no foundry experience himself, finds that gray cast irons pre- 
sent a most confusing picture. Whereas common annealed steels 
of definite compositions will, within limits, exhibit perfectly definite 
physical properties so well standardized that they can be found 
in the handbooks, cast irons of a given composition, on the other 
hand, may possess widely different properties and irons of different 
compositions may have almost identical properties. Even a physical 
specification is open to criticism because a given tensile strength 
or Brinell hardness does not always insure satisfactory machinabil- 
ity or lack of brittleness. There is no type of specification which 
can adequately set forth the properties in heavy and in light see- 
tions simultaneously. 


*Assistant Professor of Metallurgy, University of Michigan. 

‘Foundry Engineer, Vanadium Corporation of America. 

Note: Presented before Gray Iron Session, 43rd Annual A.F.A. Convention, Cin 
innati, Ohio, May 18, 1939. 
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2. Another disturbing circumstance is the fact that alloys 
do not always give the expected measure of increased strength or 
other desirable property. Alloys improperly used, or added to a base 
iron of inferior quality, will mislead the user as to their efficiency - 
properly proportioned to good base irons they can, however, con- 
sistently modify the properties to a predictable degree. 


3. It may be well, therefore, to discuss at this time, a few 
of the many factors which contribute to the characteristics of the 
finished cast iron 


Commercial Cast Irons 


4. Commercial cast irons are essentially alloys of iron, carbon, 
and silicon. Manganese is present along with the impurities, sul- 
phur and phosphorus. Non-metallic inclusions of oxides and slags 
are contained in larger quantities than in wrought steels due to the 
process of fabrication. The properties of the irons are dependent 
to a large degree upon the relative proportions of these constituents 
Frequently, alloys are added to modify further the physical prop 
erties of the castings. 


Rate of Cooling 


5. These irons may solidify to give a wide variety of struc- 
tures, the precise nature depending, among other things, upon 
the composition and the manner of cooling. For example, with a 
rapid rate of cooling a given composition may solidify in the hard 
or white state. The original constituents immediately upon becom 
ing solid in this case consist of a eutectic of iron earbide and 
austenite and some excess austenite; upon cooling the austenite d 

composes to pearlite or other decomposition products of austenite 
A moderate rate of cooling will produce a ‘‘balanced’’ or pearlitic 
gray iron containing flakes of graphite imbedded in a matrix ol 
pearlite. This structure in general, is most desired for gray cast 
ings of best all-around physical characteristics. A very slow rate 
of cooling, on the other hand, will give a soft, weak, ferritie iron 
whose microstructure consists of graphite flakes in a matrix of 
ferrite. There are no sharp lines of demarcation between these 
structures with the result that intermediate cooling rates will 
produce structures intermediate to those described. Furthermore, 
there can be a wide but gradual variation in the size, shape, and 
distribution of the graphites and in the nature and properties of 
the matrixes so formed. 
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Influc nwcing Gray Iron 


I 


t is also well known that the raw material of the charge 


decided influence on the resultant iron. The quantity of steel, 


and pig will alter the final product. 


7. The differences in properties inherent in different charges 


e mn 


inimized to a certain extent, at least, by control of the 


¢ and casting practice. The temperatures of superheat and 


. y. 
ITINng ; 


the type of melting equipment, cupola, air furnace, or 


ric furnace; the atmosphere and slag on the iron all have their 


8. Ladle treatment with graphitizers, deoxidizers and alloys 


be used for the purpose of improving the product. Table 1 


es a summary of the more important factors influencing the 


ture of 


gray 1rons. 


Table 1 


SUMMARY OF Factors AFFECTING THE PHYSICAL PROPERTIES OF 


GRAY CAsT IRONS 


1. Basic Composition: Carbon and silicon. 
2. Common Impurities: Sulphur, phosphorus, manganese, oxides, 


and slag. 


3. Rate of Cooling: Section size, nature of sand, gating, etc. 
14. Raw Materials. 
5. Melting and Casting Practices: 


a. 
b. 
c. 
d. 


e, 


Superheating temperature 
Pouring temperature 
Melting furnace and practice 
Atmosphere 

Slag 


6. Alleys: 


a. 


Processing alloys, deoxidizers, graphitizers, etc.: 
Graphite or coke 

Ferro-silicon 

Ferro-manganese 

Titanium alsifer 

Ferro-titanium 

Calcium Silicide 


True alloys 

Nickel] 

Copper ;/Solid solution alloys 
Cobalt f 


Chromium 


Vieediiee ‘+ arbide stabilizers 


Manganese 


ee enema t alloys effective in both manners 








: 
: 
; 











in etn 
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9. It can be seen, therefore, that with so many contributing 
variables, it has been difficult to study their effects individually 
and for this reason the results in the literature have been confusing 


or at best, merely relative. An attempt was made to hold these 


variables constant and to permit change in but one factor at a time 


Type of I O’S Used 


10 All the irons reported upon in this paper were melted 
in a Detroit rocking electric furnace. The same lot of pig iron and 


> } 
ot steel 


punchings was used. Further changes in composition were 
effected through the addition of carbon and ferro-silicon. The 
superheating temperature was 2800°F. and pouring into the mo 

was done at between 2550 and 2600°F. in all eases. Standard trans- 


verse test bars were east into baked eore-sand molds to insure 


uniformity 


Table 2 


(‘HEMICAL COMPOSITION OF [RONS 





Ti Ss Si Mn S p 
Number PerCent PerCent PerCent Per Cent Per Cent C + 1, Si 
AE-] 3.62 1.53 0.71 0.027 0.104 4.13 
AD-] 3.39 1.52 0.72 0.033 0.110 3.90 
AD 3.30 1.91 0.67 0.028 0.110 3.97 
AB-1 21 1.75 0.72 0.040 0.103 3.79 
AB-5 3.07 2.30 0.70 0.031 0.106 3.84 
AB-9 3.10 1.49 0.68 0.033 0.126 3.60 
AC-1 ot 1.37 0.70 0.035 0.100 3.17 
AC-5 2.65 2.38 0.74 0.031 0.101 3.44 
AC-9 2.72 2.77 0.70 0.029 0.100 3.64 
ACR-1 276 1.90 0.68 0.030 0.120 3.36 
DEF-1 3.03 2.01 0.76 3.70 
DEF-2 3.06 1.98 0.69 3.75 
DEF 3.11 2.09 0.70 3.81 
DEF-4 2.91 1.64 0.54 3.46 
DEF-5 3.42 1.60 0.66 3.95 
DEF-¢ 3.29 1.40 0.51 3.76 
DEF-8 3.06 1.47 0.72 3.55 
DEF 3.18 1.37 0.73 aes INSU 3.64 
OO-1 Res 1.73 0.71 0.020 0.026 3.74 
BB-1 3.1¢ 2.00 0.75 0.058 0.270 3.73 
L-1 2.98 2.20 0.83 0.041 0.050 3.71 
M-1 3.04 2.11 0.76 0.037 0.051 3.73 
N-1 2.81 1.82 0.72 0.053 0.242 3.42 
O-1 2.87 1.90 0.75 0.055 0.202 3.50 
BD-1 3.03 1.67 0.69 0.034 0.124 3.59 
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pe of Study 


11. The factors studied, and which will be briefly reported 


ipon in this paper, are basic composition, carbon and silicon; see- 


n; deoxidation; and alloying with typical carbide-forming ele- 

it, vanadium. The conclusions are not to be considered final since 
work is still in progress, the results of which may modify any con- 
lusions Which are drawn at this time. A much more complete and 
detailed study will be published in the near future. 


SPECIFICATIONS OF [RON USED 


12. A large series of irons was made under the conditions 
lescribed, having the compositions shown in Table 2. Standard 
0.875, 1.2, and 2.0-in. diameter transverse bars were cast as well 
as 3.0-in. diameter cylinders, 12-in. long. Transverse load and de- 
flection were determined in the usual manner and tensile test bars 
were machined from the broken ends. Standard 0.505-in. diameter 
tensile test specimens were made from the 0.875-in. bars and 0.75-in. 
specimens from the 1.2, 2.0, and 3.0-in. pieces. Hardness measure- 
ments were made at the center of slugs 1-in. long eut from the bars. 
The impact specimens will be described later. 


STRUCTURE OF IRON 


13. The physical properties of gray cast irons in the last 
analysis, must be determined by two variables, namely, the nature 
of the matrix and the nature of the graphite pattern. Naturally, it 
must be assumed that the castings are sound and free from blow 
holes, shrinks, and slag. The composition of the iron, therefore, 
should influence the properties because it will determine, if all 
other factors are held constant, the character of the matrix and 
the quantity of the graphite. The qualities and arrangement of 
the graphite is a very vital factor in determining the physical prop- 
erties of irons whose chemistry may be similar and whose physical 
properties show wide variations. 

14. It seems especially desirable to reduce the tendency of 
the iron to solidify so that the graphite forms regular patterns 
usually spoken of as dendritic and eutectiform. 


Vatris 

15. A pearlitic matrix should have a tensile strength varying 
between about 120,000 to 140,000 lb. per sq. in. The difference be- 
tween this figure and the actual strength of a balanced iron is due 
to the weakening effect of the graphite flakes. 
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Aust f mad Kat [ of Gray Iron 


16. When a melt of gray iron composition solidifies, the 


it , & 


" ls to fre ire primary austenite dendrites; the last mat 
to freeze is the iron-carbon-silicon eutectic. Upon cooling to 
emperatu e primary austenite, which in ordinary irons re} 


iround 5 to 30 per cent of the total, may reject carbo 
existing graphite flakes and will then transform to pearlite 
quid eutectic is, however, the main source of the graphite 
would seem logical, therefore, that the relative proportions 
primary austenite and eutectic liquid should be a significant fact 
in determining physical properties. The primary austenite must 
contribute to the strength and the eutectic which consists of austen 
ite and graphite must contribute the weakening influence. If t 
were true, an iron of eutectic composition: 3.6 per cent carbon a: 
2.0 per cent silicon for example, should be considerably weal 
than one containing some primary austenite at the eutectic tem 
perature and having a composition of 3.0 per cent carbon and 


per cent silicon. 


Determination of Austenite and Eutectic 

17. This proportion can be roughly expressed by the fu 
‘ tion C+ % Si although, strictly speaking, the actual values 
slightly different. If, as in Fig. 1, we lay out a chart in which thi 


s 

é “7 . . ° 
per cent silicon is the ordinate and the per cent carbon is 

abscissa, the line C+-%Si—4.3 very closely approximates the eutec 


tie composition in the commercial range of carbon and silicon co: 





KER CENT SILICON 


Fic, 1--CALCULATION OF THE PER CENT OF PRIMARY AUSTENITE AND OF EUTECTI 
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INFLUENCE OF COMPOSITION ON TENSILE STRENGTH SPECIMENS Cur FRom 1.2-IN. 
DIAMETER Bans. 


ents. The line C+-0.10Si—1.7 similarly expresses the solubility of 
‘arbon in austenite at the eutectic temperature. These functions 
express the true state of affairs under equilibrium conditions only, 
but are sufficiently accurate for practical purposes for commercial 
irons solidified in sand. 


18. If a line be drawn from the origin through a point X, 
representing a definite composition under consideration, the inter- 
section Y with the eutectic line will show the composition of the 
eutectic liquid and the intersection Z with the austenite line, the 
composition of the primary austenite crystals. The distance XY 
between the point and the intersection on the eutectic line divided 
by the total distance YZ between the eutectic and the aus- 
tenite lines equals the proportion of primary austenite. Conversely, 
the distance XZ from the point to the intersection with the austen- 
ite line divided by the total distance YZ equals the proportion of 
eutectic liquid. 


19. Since these computations represent a rather tedious 
process, it is simpler to use the function C+ %Si—X, a number 
which roughly will classify irons of the same proportionality of 
austenite and eutectic. That this equation is not strictly true can 
be shown in the following manner. A line MN is drawn exactly mid- 
way between the line AB representing the eutectic and line CD 
representing saturated austenite. All compositions falling on MN, 
therefore, will contain at the eutectic temperature 50 per cent 


primary austenite and 50 per cent eutectic liquid. 
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20. On the other hand a line MP ean be drawn parallel to 
the eutectic and having the equation C+-%Si=—3.0. Near zero sili- 
con, alloys falling on this line also contain 50 per cent eutectic but 
as the silicon increases the per cent of eutectic varies. Commercial 
irons seldom contain over 3 per cent of silicon or under 2.5 per 
cent carbon. They will only infrequently contain over 35 per cent 
of primary austenite. The C+ %Si function, therefore, is not too 
inaccurate for practical purposes. The per cent eutectic in Table 3 

Table 3 
Per Cent Eutectic oF TypicAL COMPOSITION 
Eutectic by 


Eutectic formula 
Cc Si Theoretical C+ %Si 

Per Cent Per Cent Per Cent Per Cent 
3.50 2.00 94.70 94.80 
3.25 2.25 87.90 88.50 
3.25 1.50 77.50 78.60 
3.00 2.00 73.25 75.60 
2.80 1.80 63.80 66.50 


has been computed by both methods for a few typical compositions 
and it can be seen that the error is not great for the purpose 
desired. The usefulness of such a elassificatign will be pointed out 
in correlating data showing the influence of composition on the 
physical properties. 


Tensile Strength vs. Per Cent Eutectic 


21. In Fig. 2, the tensile strength of a group of 34 irons 
is plotted against the per cent of eutectic which was present imme- 
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after solidification. It is clear that an iron approaching 

e eutectic composition in_a 1.2-in. section as cast will have a 

sile strength of roughly 25,000 Ib. per_sq. in. As the proporticn 
} 


itectic decreases, the strength rises as a straight line function 


» Fig. 3 shows the tensile strength plotted against the fae- 
43Si in per cent. This factor has been proposed by Bolton, 


icKenzie, and others, but in the present work the other variables 
maintained as close to constant as possible so that a more 


tative relationship can be seen. 


23. In both Fig. 2 and 3, an upper line is shown representing 
strengths of irons of the same heats but to which 0.3 per cent 
idium was added as a ladle treatment. This amount of alloy 

as brought about a consistent increase in tensile streneth. Vana- 
im is a typical alloy of the carbide stabilizing type. Chromium 
and molybdenum will act in a similar manner. No discussion wi | 
» made at this time regarding the relative merits of these alloys. 

It is sufficient to say that each metal, although acting in the s:inuie 

‘ral manner, has its own individual characteristics making each 

suitable for a given purpose when factors other than tensile 


strength must be taken into consideration. 
24. To sum up, composition is a variable affecting the prop- 
ties of gray cast irons, and its influence can be measured if all 


of the other conditions are maintained constant. There are, how- 
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F t—Errect oF COMPOSITION AND SECTION DIAMETER ON TENS®LE STRENGTH OF UNALLOYED 
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ever, many factors exclusive of chemical composition which wi! 


have a decided luence on the physical properties. For exan 
a given iron poured into bars of different diameters will sh 
wide variety of physical properties, The rate of cooling influ: 
especially the undercooling and manner in which the eutectic | 
solidifies and hence controls the graphite pattern obtained. It 
will determine the nature of the austenite transformation 
below the lower critical temperature and hence alter the natur 
the matrix. 


TENSILE STRENGTH 








/SO00|__ —— — 
17-3233 34-33 337 38 39 40 4H 


o9 
~ y 
C+ Si 
Fic, 5—EFFECT OF COMPOSITION AND SECTION DIAMETER ON TENSILE STRENGTH OF 
0.83 PER CENT VANADIUM IRONS 


Section Size 

25. The influence of section size is summarized in Figs. 4 and 
5, in which the tensile strength for irons of widely different com- 
positions is shown for bars east into 0.875, 1.2, 2.0, and 3.0-in 
diameter sections. Fig. 3 presents the values for unalloyed irons 
and Fig. 4 for irons containing 0.3 per cent vanadium. 
Function of C+%Si 

26. If it can be assumed that the tensjle strength is a straight 
line function of C+ %Si, as shown in Fig. 3, the same data ean be 
presented in a more interesting and informative manner. A point 
on Fig. 3, for example, shows that for any composition when 
C+ %Si—3.83 the tensile strength is 40,000 lb. per sq. in. in 
1.2-in. diameter section. Let us draw in Fig. 6, a Maurer diagram 


in which carbon is plotted against silicon. Line AB represents the 
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{ 


i¢ composition below which lie almost all the commercial 
is. The equation of line AB is approximately C+ %Si—4.3. 
CD is drawn in to represent the solubility of carbon in aus 

in equilibrium at the eutectic temperature. This line, the 
juation of which is C+-0.10Si—1.7, represents the lower limit of 
possible gray irons. Line AEF marks off the region of gray iron from 
the region of white and mottled irons for’1.2-in. sections. The 
sition of point E will vary for different section sizes and for 
fferent alloys. The line AEF has been drawn straight in aceord- 
nce with Maurer’s results, although it is doubtful whether it 


epresents the true state of affairs. 
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8—-INFLUENCE OF LADLE DEOXIDATION ON TENSILE STRENGTH, SPECIMENS Cut Ft 
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Now, going back to the example mentioned above 
$Si—3.83 is represented graphically as a line parallel to the 
eutectic line. All compositions falling on this line will have ae. 
eording to Fig. 3, a tensile strength of 40,000 lb. per sq. in. Similar 
parallel lines can be drawn from the data of Fig. 3 showing com- 
positions which will give certain strengths for irons made strictly 
in accordance with the practice described earlier in the paper. 
Fig. 7 shows a similar chart for irons containing 0.3 per cent vana- 
dium poured into 0.875-in. bars. Note that the data indicate that 


the line limiting the gray iron region is curved. 


De oxidize ad Irons 


28. Fig. 8 shows the properties of a series of irons made in 
accordance with this practice contrasted with the identical irons 
deoxidized in the ladle with 2 lb. per ton of graphidox* No. 2. 


Note that the deoxidized irons show a higher strength and conform 


;more closely to the ideal straight line than the plain irons. This 


}cireumstance would indicate that deoxidation promotes greater 


predictability of results. 


29. It is well known that a deoxidizer,/which is at the same 
time a graphitizer, will reduce the tendency for chilling. Such an 
alloy will render gray, compositions. which without the graphitizer 
would turn out white. Calcium silicide, graphidox, ferro-silicon, 
and other similar materials all act in this manner but to different 


*Composition Titanium, 7.50 per cent; Aluminum, 20 per cent; Silicon, 27 per 


cent + Iron Balance 
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degrees. For contrast, chromium will deoxidize—but, since itis a 
arbide stabilizer, is not to be classed as a graphitizer. If irons so 
treated were plotted in the graph of Fig 6, it ean be seen that, not 
only will the general strength level of the irons be raised, but also 
that the line AZ is pushed to the left. Higher strength irons ean 
be made with higher carbon and lower silicon than usual. This is 
‘ advantage in Many cases where increased machinability, wear 
resistance, and freedom from warpage and growth are desired. 

30. Two principal means by which alloys can be useful to the 
foundrymen, therefore, are the possibility of moving the line AE 
to the left and to increase the general strength level of irons of a 
given composition. Nickel does both to a certain extent. Best results 
are obtained by a proper blending of two or more alloys. 


Influence of Composition on Physical Properties 

31. The influence of composition as expressed by the equation 
('+. % Si on Brinell hardness and transverse strength is shown in 
Fig. 9 and 10. The hardness and strength decrease as the-earbon 
and silicon increase. Tranverse values must be used more or less 
qualitatively ; the results are not sufficiently accurate to make nice 
looking graphs. This is true for the following reasons: 

a. A transverse bar is unmachined and hence may have 
surface imperfections acting as ‘‘notch effects’’ for the con- 
centration of stresses. 


b. They are seldom perfectly round in cross section. 
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Due to sand conditions, the surface is generally some 
what more undercooled, resulting in less favorable graphite 
patterns. 

These factors have an unduly great influence on the breaking load, 
since in a transverse test the maximum stress is at the outer laye: 
of the metal. In general, however, hardness and transverse strength 
follow the same trends as does the tensile strength. 


29 


32. Fig. 11 shows the influence of composition on transverse 
deflection. Two circumstances are outstanding. First, the presence 
of vanadium in amounts up to 0.3 per cent seems to have no effect 
whatsover. Secondly, the higher the carbon and silicon, the 
more resilient the iron is and the greater will be the transverse 
deflection. It has been found that ladle deoxidation is exceptionally 


effective in increasing this property, as shown in Fig. 12. 


Charpy Impact Results 


33. Fig. 13 shows that the Charpy impact resistance follows 
this same trend; the values increase with increasing carbon and sill- 
con. Specimens for this test were machined with a 1.19-in. diameter 
and were broken on an 8-in. span. There is as yet no standardization 
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with regard to the Charpy specimen. Tests were made with 4, 6, 
and 8-in. spans and the results, although having different absolute 
values, Showed the same relative strengths with varying composi- 
tion. A 6-in. span is popular but, unfortunately, when tested on a 
machine made by a well-known manufacturer, the specimen breaks 
in a manner such that the pieces hit the hammer on the rebound 
and frequently get wedged in the instrument. No attempt was made 
n plotting to distinguish the results of plain irons from those 
alloyed with vanadium because vanadium seems to have no measur- 
able effect on Charpy impact. 

34. The specimens for the results shown in Fig. 14 were 
machined with a 1-in. diameter and were broken successfully on 
§-in. centers in a European machine. These results show the im- 
provement brought about by ladle deoxidation. 


35. An attempt was made to correlate the impact resistance 
with some property more generally determined. Fig. 15 shows the 
results of plotting the Charpy impact strength against the trans- 
verse deflection of the 1.2-in. diameter bar. There seems to be a most 
marked indication that impact strength and deflection go hand in 


hand. 
UNIFORMITY OF IRON 


36. Very little has been said about uniformity and sensitivity 
to section size. The results presented in this paper represent but 
a portion selected from a large amount of accumulated data. Yet 
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even in the graph re, it can be seen that the irons treat 
with a typical carbide stabilizing alloy, vanadium, 
predictable propert 


pt SSess ] 


than the plain irons 


37 n Fig. 2 and 3, the tensile streneth values of the va; 
sloser to the average straight line w 


spreading thé the values for unalloyed metal. The same 


dium tre 


has been observed by the 


writers with regard to the other pr 


ties. Fig. 16 shows the tensile strength values obtained on two differ 
ent heats of an alloyed iron containing 2.7 per cent 
sent manganese, 1.0 per cent nickel, 


0.5 per cent molybdent m. Each heat 


earbon, 1.7 


per cent silicon, 0.65 1 
was split and 0.15 per « 

ne-half of the metal. Although the ray 
ure, and other factors differed slighth 


vanadium was added to ¢ 
material, pouring temperat 


individual test specimens from the irons containing vanadium 
almost identical. The bars cast without a 
additio1 of vanadium 


values which were 
ywed much less uniformity. 


INCLUSIONS 


38 in the melting and casting of gray 
contribute uence to the final physical properties. In 


work, as far as it was possible, these factors were maintained 


‘lations in one of them could give a measurabl 
number of heats was limited, several co. 
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(1) The basic composition, carbon and silicon, markedly 
fluenced the physical properties. ‘A measure of the composi- 
n is found in the relative quantities of primary austenite 
d eutectic liquid at the eutectic temperature. 

2) The factor C+ %Si, previously suggested by other 

ithors, is a practical although not precisely accurate means 
‘ f determining this relationship. 
3) Quantitative figures have been presented showing 
effect of section size on tensile strength. 

(4) Inereasing the proportion of eutectic increased the 
transverse deflection and the Charpy impact resistance and 

ereased tensile and transverse strength and Brinell hard- 

(5) Ladle deoxidation improved the strength, deflection, 
and Charpy impact over a wide range of compositions. 

(6) The addition of up to 0.3 per cent vanadium, a typical 
carbide stabilizing alloy, increased tensile and _ transverse 
strength and Brinell hardness. It had no apparent effect of 
transverse deflection or Charpy impact. Irons so alloyed showed 
greater uniformity from heat to heat and gave a higher 
measure of predictability of results. 


DISCUSSION 


Presiding: A. L. BOEGEHOLD, General Motors Corp., Research 
Laboratories Division, Detroit, Mich. 


Dr. J. T. MACKENZIE!: The charts do not bring out clearly the 
fact that the unalloyed irons in the first tests had no ladle treat- 
ment at all. It is brought out later on but I think probably it would 
be better if it had been emphasized earlier in the discussion. 

I can not quite understand why the lines in Fig. 4 do not come 
together better on the left side. My experience is that when you get 
w carbon and % silicon that the 0.875 in. line drops off and the 
} in. line rises. I would not expect such a low tensile as 45,000 lb. per 
sq. in. on the 0.875 in. bar at 3.4 though. 

I can not quite understand the reason for Fig. 15. As Mr. McElwee 
said, he will probably have to do a lot of explaining, but our practice 
has always been to plot the Charpy values against the so-called resil- 
ence of the irons, which is more or less the product of the load by the 
deflection. I do not see that that has been done in this paper. I should 
think it would add materially to it if such a plot were made. That was 
the best graph we got out of the impact investigation of some years ago. 


‘American Cast Iron Pipe Co., Birmingham, Ala 














INFLUENCE OF COMPOSITION ON PROPERTIES OF GRAY [RONs 
I would like to ask the authors if they made any mathematica 
analysi f this carbon plus +, silicon. As I remember it, John Bolton’s 
original work used one-fourth of the silicon, I tried one-third, and 


A 
¢ 


anda myself got 


together and we finally agreed, after analysis 

some 2,000 sets of tests, that 0.3 was the closest figure. This leads 
me to ask, although it only makes 10 points difference in the 3 per cent 
silicon, ist why the author used one-third. 

Mr. MCELWEE: On page 498 there is a little explanation of that 
calculation. The errors shown in our calculation, the theoretical 
94.70, and, using the eutectic by formula line, is 94.80. The error jy 
the case of the 3.25 per cent carbon and 1.50 per cent silicon was 77.5 
against 78.60 For the 3.00 per cent carbon and 2.00 per cent silicon 


iron, the theoretical was 73.25, while that calculated by the eutectic }y 


formula for the carbon plus % silicon was 75.60. 


We apologize for this as being only an approximation, but we felt 
enough for actual computations here. It may be that carbon plus 
more closely represents what Dr. MacKenzie has found. Pos 
Schneidewind would like to make some comments on thes 
computations, We checked them ove pretty carefully and found that 
these figures given on page 498 were substantially correct and, wi 
thought, within the limit of error of other factors, that is, considering 
other factors that enter into a test of this kind. I call on Dr. Schneide 
wind to make a comment on it. 


Dr. R. SCHNEIDEWIND: In answer to Dr. MacKenzie’s comments, th 

g. 4 on the left were stopped where we no longer had bal- 

in the section sizes indicated. When the hardness becam 

great d o free carbides, no specimens were machined. Theoretically, 

all values should rise to a maximum and then drop off to the strength 

of white iron as the C+ 4, Si is an approximation and roughly indi- 

cates the relative proportions of eutectic and austenite at the eutectic 

temperature. The derivation of the term is as follows: The compo- 

sitions of the eutectic and of the maximum solubility of carbon in y 

iron according to Greiner, Marsh, and Stoughton* fall on straight 

lines in the limited region of commercial compositions. The values 
read from the curves are: 


Eutectic 
Max. Solubility 


of C in y iron a 2.0 


The equations for lines passing through these two sets of points 
>+0.347 Si=4.3 and C+0.10 Si=1.7, respectively. 


Lines drawn through compositions having the same relative pro- 
portions of eutectic and austenite must have slopes varying from 0.347 


Greiner. Marsh and Stoughton, “Adloys of Iron and Silicon,” p. 173. 
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In the range of commercial gray irons the slope will probably 


se to 0.3 or 0.33. Since cast iron is not at equilibrium at any stage 


production but is composed of undercooled structures, too great 
must not be placed upon the exact values in the equations. 
utely quantitative deductions cannot be made. 


We agree with Dr. MacKenzie’s opinion that deflection vs. impact 
theoretical justification. The results seemed to be of sufficient 





interest to warrant inclusion in the paper. 


. G. Corson?: There are five points which I wish to discuss. A 
presented yesterday impressed me because of the complete 
sence of data regarding the amounts of graphitic and combined car- 
n present. I am sure that every foundryman will agree with me that 
“total” figure for carbon means extremely little. Both white iron 
| gray iron may contain 3.3 per cent carbon, one in the shape of 


the second mostly as graphite and they certainly would not 


il de, 


considered equivalent. That paper was only to show the different 
al of graphite as caused by difference in the speed of cooling. 
[his paper is strictly industrial. Hence one might ask for a reason- 
y complete expose. And without the data for combined carbon it 


1ins most incomplete. 


Photomicrographs of this paper are conspicuous by their total 
sence. So the reader remains in a complete darkness regarding the 
echanism of the improvement caused by the use of vanadium as 
escribed. We do not know, whether it affects the amount or the shape 
f graphite, or whether it increases the amount of carbide, etc. 


The authors plotted the results of an investigation covering 27 


plain and 9 alloyed irons. They claim that the second stray much less 

a uniform correlation of characteristics, and are therefore 
iore reliable. The conclusion could be true if they had plotted twenty- 
seven results against twenty-seven or nine against nine. As it is they 
simply gave the alloyed irons much less chance to deviate from a 
egular behavior. 

The authors use the deflection test. However, they mention the 
fact that the results of such tests are scattered and unpredictable. 
This is quite true. The test is too conventional to be of value. It 
depends upon the incidental characteristics of the test piece right under 
the edge of the knife carrying the load. And the characteristics in a 
piece of cast iron may differ from section to section by 150 per cent 
from the purely mathematical view-point. So the best thing to do is 
to discard the deflection test entirely. It must belong to the dark ages 
f metallurgy. 

The authors speak of deoxidation. It might be excusable to speak 
of oxides an) their pe:nicicus influence in reference to copper. But any 
gray iron contains silicon, manganese, phosphorus and carbon—quite 
an army of potent deoxidizers. And if these four cannot do the job, 





Consultant, New York City. 
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performance on the part of 


n 
0 
addition; t may hel silminate 
shape of graphite. And from 


last effect is far more im}; 


deoxidizing. 


McELWEE: The combined carbon obviously was not m: 


the cost of making combined carbon determination 
some 70 or 80 samples. The length of time ava 

it the making micrographs an purposely stayed 
anyway 


| r the alloys, the 
alloy irons, it so happens that as this 


reported that was available. 


With regard to deoxidation, the authors do not care particula: 
] 


whether it is deoxidation or degasification. Call it what you will. 
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FOUNDRYMEN— 


Have you been looking for a simple 


explanation of CaST 1r On metallurgy? 


The Microscope in Klementary 
Cast tron Metallurgy 


By R. M. ALLEN, Consulting Metallurgist 


Bloomfield, N. J. 


Will answer your questions. 


The author, himself an eminent metallurgist and microscopist, 
explains the use of the microscope in the cast iron foundry, how 
it can be used to the best advantage, and how to understand what 
you see in the microscope. There are 142 pages of interesting, 
up-to-date material on this subject with 72 figures of which 58 
are 4% in. micrographs illustrating the various subjects discussed. 
Explanations are given and worded simply so as to be easily under- 
standable. In the final chapter, the use and operation of the 
microscope, photography, sample preparation and other subjects of 


interest to the beginner in microscopy are given. 
Price to members $1.50 


AMERICAN FOUNDRYMEN’S ASSOCIATION 
222 West Adams St., Chicago, IIl. 





